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WITH NOTES AND APPENDICES BY THE AUTHORS. 



EDITOR'S PREFACE. 



When invited by the Conncil of the Sydenham Society to 
make myself responsible for Dr. Thompson's translation of 
Marchiafava and Bignami's work on the malarial fevers occur- 
ring daring summer and autumn round Rome^ and to introduce 
the volume to English readers in a preface, after due con- 
sideration I consented to do so. I soon founds however, that to 
accept the responsibility of another man's translation in its wider 
sense, practically involved re- writing the work with the aid of the 
previous translation — an undertaking I was quite unprepared for. 
In the narrower sense of carefully reading over the proofs, and 
correcting obvious slips in any hurried translation, substituting 
a more exact word or phrase, transposing a word or a clause to 
make the English run more smoothly, I have attempted somewhat 
that might justify me in saying I have accepted the responsibility. 
In this, as in all translations, passages occur that might be 
considerably improved by being re-written, laying aside entirely 
the Authors' forms of expression, not translating the words so 
much as recasting the ideas ; this, too, I do not pretend to have 
undertaken. Even in the discharge of such limited functions as 
I have laid down for myself numerous diflSculties cropped up, 
which to those interested will become evident on a comparison of 
the English with the Italian work. As specifying them will not, 
as a rule, assist in arriving at a correct appreciation of the Authors' 
meaning, I pass them all by except two. I wish to call attention 
to the fact that I have perhaps a little strained the meaning of 
the two terms relapse and recurrence in adopting them for the 
Italian ricaduta and recidiva. In Italian even, the distinction 
involved is perhaps more conventional than classical. The first 
time the two words are met with I have appended an editorial 
note, which I trust will prevent any difficulty in grasping the 
necessary shade of meaning. 

Torti's use of the words solitaria and comitata applied to 
malarial fevers constitutes also a difficulty. Our Authors use them 
so often, that in the translation these words appeared to me to 
disfigure the text, for anyone who had not mastered the dis- 
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tinction involved. To translate the Latin literally would not 
have conveyed Torti's meaniug ; bo £or better, for worae, I adopted 
eimple ■malignant fever and complicated malignant fever as the 
nearest equivalents I could suggeat. Thia, however, is only a 
compromise with the diflBculty, and practically leaves every one 
still to master it for himself, though by the use of italics and 
qaotation marks, I have tried to do what I coald to assist the 
reader. No one will recognise more than I do how imperfectly 
my aim has been attained. The solitaria is in most cases not a 
simple fever, though it never has the siugle well-marked com- 
plication which gives to Torti's comitata its name. It most be 
noted that the distinction lies not between a case, strictly speaking, 
without a complication, and another with one, bnt between a case 
with a single complication, so well marked as to make it possible 
to mistake a malarial fever for cholera, apoplexy, &c., and another 
in which one or more complica,tions may exist, to such a minor 
extent as not to make any similar mistake possible. Even here, 
however, it must be borne in mind that the morbid process 
causing the coma, profuse diarrhoea, &c., is one intimately con- 
nected with the disease, a part of it, and not a superadded 
complication, as a broken leg in a case of phthisis, a malarial 
fever attacking a surgical patient, or delirium tremens occurring 
in a case of pneumonia. This question of classiBcation will not 
interest the general reader in England, while to anyone in India, 
or wherever questions relating to malarial fevers require minute 
examination, the distinction dwelt on by Torti will be easily 
arrived at by careful study of the text. 

Several technical expressions occur which are not yet current 
in general medical literature. Those which, though new to myself, 
seemed to be probably familiar to younger men, I have generally 
passed by without notice. I liave ventured, however, in a few 
instances to append an explanatory foot-note, to save others the 
trouble I have had in arriving at the meaniug, I am aware that 
in a few years such aids will seem superfluous, as the younger 
generation will have grown up, using words that to many of us 
are new ones ; I shall be content, however, if such foot-notes serve 
a useful though temporary purpose. The elaborate temperature 
charts, with synchronous annotations of the parasitic 6nds met 
with in the blood, appended to this volume, are worthy of the 
closest study, It may help in this if I point out that the headings 
M, and E, refer to day and night observations. Under each of 
these headings the four columns indicate three-hour periods 
which begin at 12 o'clock. Thus, when he desires to do so, the 
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reader can arrive at a very close approximation of the boar when 
any of the recorded observations were made^ or when a dose of 
qainine was administered. 

While introducing the present treatise to English readers^ it 
may perhaps assist them to arrive at a correct appreciation of the 
great work that the Italians have done in advancing and ex- 
plaining Laveran^s discovery, if I briefly recapitulate some of the 
points in which progress has been made in Italy. The subject is 
a vast one, and anything like a comprehensive critical examination 
of it cannot be attempted within the narrow limits of a preface. 

After the discovery by Laveran of certain forms assumed by 
the parasite of malaria in 1880, many workers in Italy have 
undertaken serious researches on the subject. Among others 
Marchiafava, Celli, Crolgi, Bignami, Bastianelli, Antolisei, Angelini, 
Grassi and Feletti, Canalis, &c. The young Roman school have 
been very successful in the prosecution of this work, and among 
them all I point out Marchiafava as having been not only first 
in the field, but at all times as having deserved well of us, by 
inciting others to work at the subject of malaria, as well as by 
making advances himself, and accepting and confirming all trust- 
worthy advances made by others. To us his views may serve as 
the embodiment of all that it is safe to accept on the questions 
with which he deals. He has naturally followed carefully 
American, German, and Indian work. 

As bearing closely on the present translation, reference may 
here be made to the previous researches made by Marchiafava 
into the question of the connection of melanaemia with malaria. 
Indeed, these investigations may in a sense be said to be a part 
of his present undertaking, as they certainly led up to it, and, in 
fact, are inseparable from it. The gradual and precise way in 
which he has been able to advance our knowledge is most 
instructive, as the routes he followed were different from those 
taken by Laveran. On the 6th of November, 1880, Laveran 
saw a fiagellate organism free in the blood of a patient suffering 
from malaria, and at a single bound arrived at the conclusion that 
it was the parasite of malaria. Marchiafava travelled by no such 
royal road. By a slow and laborious process along with Celli — 

(i) He established the fact that a manufactory existed in the 
red blood-corpuscle in which the hsemoglobulin was changed into 
melanin; 1879. 

(2) On subjecting the red blood-corpuscle to the influence of 
methylene blue he found spots stained blue, which he remarked 
had a great analogy to micrococci ; 1883. 
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(3) By attempting to grow these spots on cnltiratiiig media he 
differentiated them from micrococci; 18S3. 

(4) He therefore attributed them to degenerative changes in 
the discoplasma ; 1883. Before 1883 he used lenses belonging 
to the dry system ; after that date these observations were all 
made on dried blood and with an oil immersion lens, -^ ZeisB. 
Now he changed, still using a Zeiss -^ oil immersion lens, and 
began to examine freshly drawn living blood ; and — 

(g) He recognised amceboid movements even in the most 
minute, spot-like, hyaline, unpigmented protoplasm enclosed in 
the red blood -corpuscle, and knew for the first time he had a 
parasite to deal with ; 18S4. 

From this time onwards his career year after year has been 
one of progress, and it is hardly too much to say, that all the 
advances which have been made, sre due either to Marcbiafava or 
his pupils. An obvious limitation to such a broad assertion has 
to be made in tlie case of Golgi's early work ; also as regards the 
investigations undertaken by zoologists who have discovered similar 
organisms to the malaria para site in the blood of healthy birds, as 
well as in that of other animals lower in tbe scale; and of good 
work into minute morphology and attempted classification of the 
parasite. Not less must we gratefully acknowledge laborious 
researches made by observers in every country confirmatory of the 
advances made by Golgi and the young Roman school. 

Before he entered on this field of research, Laveran had de- 
scribed the parasites as being pigmented, at times adherent to the 
red blood- corpuscles, and giving rise to mobile filaments, the 
perfect form of the parasite being still held by him to be the 
mobile filament after it has "become separated and has assumed 
an independent existence in the blood-plasma. In 1883—4 
Marchiafava and Celli arrived at the conclusion, while studying 
the genesis of melantemin, that the pigment was formed within 
ihe red blood- corpuscles after their invasion by minute bodies 
jirahably of a parasitic natwt. At this time they did not confirm 
Laveran's discovery. Since then, however, they have an-ived 
at the conclusion that the parasite of malaria consists of a minute 
panicle of protoplasm, which, resembling a small amoeba, enters 
into the red blood-corpuscle, and there converts the heemoglobin 
iuto melanin. It is often endowed with amieboid movements, 
which may be very active and produce rapid changes in its 
shape. It lives in the interior of the red blood -corpuscle, and 
gathers the pigment it forms into its centre. It then divides 
into separate fragments, this segmentation taking place within 
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the body of its host^ the red blood-corpnscle. As regards the 
mobile filaments^ the above-named authors demonstrated that they 
were flagella of a certain phase of the development of the parasite. 
On this Qolgi came into the field with his very saccessfnl 
researches^ 1885—6. He was able to differentiate the variety 
of the parasite which is connected with the tertian type from 
that which is fonnd in quartan fevers. The distinctions between 
the two are morphological as well as biological^ and were most 
clearly pointed out by him. To him, too, we owe the knowledge 
of the fact that the commencement of the paroxysm of the fever 
is synchronous with the stage of sporulation of the parasite. 
Passing over many points of minor importance that have been 
studied in Italy, I will now only refer to the later researches of 
Marchiafava and Celli, 1889—90, on the dangerous forms of fevers 
to be seen in Rome during the 6ummer and autumn, where 
patients are brought for treatment from the surrounding districts 
— the Roman Campagna. A careful investigation into this group 
of fevers was ' rewarded by very important results. They were 
able to distinguish between the mild spring fevers, tertian and 
quartan, and the group they were engaged on, by clinical and 
epidemiological characters, as well as by distinctive appearances 
in the parasite, both in the circulating blood during life, and the 
living spleen, as well as in the blood-vessels of certain of the 
organs after death. They were thus able to separate the com- 
paratively harmless forms of fever from those which might 
suddenly develop dangerous symptoms, though at any given 
moment they might not show by a single symptom, that they had 
such potential mischief in reserve. The cycle of the life of this 
parasitic variety is not completed in the circulating blood, so it 
bad to be studied by procuring blood from the living spleen, and 
their observations had to be followed up in the deadhouse and in 
the pathological laboratory. It resulted from this prolonged and 
complicated research, that by a microscopic examination alone of 
the parasite it can be determined with certainty whether malig- 
nant or pernicious symptoms have to be guarded against. The 
high practical as well as scientific worth of this discovery requires 
no comment. 

As connected with these researches we may refer to the 
work done by Bignami in 1890. He made afresh an anatomico- 
pathological inquiry into the morbid appearances met with after 
death in pernicious fevers. In this he studied the parasites 
found in the blood-vessels of the various organs, and the secondary 
alterations met with in the tissues. He connected what he saw 



with symptoms before death, and arrived at the pathological 
eignificance and cansation of several symptoms met with during 
life, in the course of some forma of pernicious fever, especially 
of the comatose variety. 

A very obscure question is that of the significance and clinical 
importance of the semilnnar bodies first described by Laveran, 
which are only met with in the blood of the summer-autumn 
infections, and from which alone, originate the flagellate forma 
met with in this class of fevei's, Golgi, Canalia, Grassi and 
Feletti, Antolisei, Angelini, and others had expressed various 
views on the subject when, in i8go, Bignami and Bastianelli 
undertook to study the whole question, especially from the point 
of view of the time at which these crescents could be first found 
in the circulating blood, and in the spleen, after the commence- 
ment of malarial fever. Their special attention was also directed 
to the genesis of this form of the parasite, and to its clinical 
significance. References to the exact data they were successfal 
in accumulating are often made in the body of the present work. 

The fact that the parasitic fot-ms found in connection with 
dangerous fevers could be distinguished from those of other 
malarial fevers having been arrived at, it still remained to stndy 
move fully, both biologically and morphologically, at the bedside, 
their relations with the production of the fever ; for many Italian 
observers, as well as those of other countries, looked on irregular 
atypic fevers as being dependent on the summer-autumn forms of 
parasite. From this investigation, undertaken by Marchiafava and 
Bignami in 1891, we have arrived at the knowledge of the fact, that 
although the dangerous types of fever often appear to be irregular 
at theii' commencement, nevertheless it can be established that 
there are two fundamental types only, the quotidian and the 
tertian, to which these dangerous fevers can be traced. Both ot 
these types are quite distinct from those of the mild spring fevers. 

In the present work Marchiafava and Bignami describe the 
summer-autumn fevers, the febrile types which they present, the 
parasitic varieties in connection with each type, and the pecu- 
liarities of malignant infection. To those engaged in practice in 
ludia, or in the British colonies where malarial fever prevails, 
this translation will afford assistance to be found nowhere else. 
In America also, from the same points of view, the work will 
prove extremely helpful. In England as well, where malarial 
fevers have become comparatively rare, the following pages are 
worthy of being studied, not merely on acconnt of their intrinsic 
scientific interest, but on account also of the bearing of the 
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varioas questions discussed on other pathological problems. 
They are most suggestive^ and will doubtless supply the germs 
for new thoughts and fresh investigations on diseases other than 
malarial. Of many points on which my interest has been 
aroused I will mention only one^ that came upon me as a surprise 
when I first knew it. A specimen of malarial blood being sent 
for examination to the laboratory^ a microscopist can not only 
furnish full details as to the questions of malaria^ but^ should he 
find an excess of white blood-corpuscles, can reply to the clinical 
observer, — if your patient is not already in the act of dying, or 
does not suffer from diarrhoea, and has no other condition with 
which the leucocytosis is associated, he has an acute inflammatory 
affection beginning ; and if you examine the lungs you will pro- 
bably find a commencing pneumonia which you possibly have not 
detected. I do not look forward to a time when we shall have to 
depend on our microscopes for diagnosing our pneumonias for 
us, but still regard the thought as a pregnant one. 

Perhaps it may not be considered out of place for me to mention 
here, that I have enjoyed the great privilege of being allowed to 
renew my acquaintance with malaria in the wards of the Santo 
Spirito Hospital, and in the laboratory which is under the direction 
of Dr. Bastianelli ; also in the post-mortem theatre, to study the 
appearances found after death by Professor Marchiafava and Dr. 
Bignami. Under such favorable circumstances, while following 
cases in the wards of the summer-autumn fevers, I was able to 
recognise with my own eyes what the Authors describe in the 
book that has just been translated. I have been able to convince 
myself of the general correctness of the descriptions, and feel 
certain of the practical utility of their methods of studying the 
subject. On this account I commend the views expressed in this 
work with confidence for the acceptance of English readers, in 
preference to those of other investigators. It will take some 
time before the subject has been fully worked out, and amid 
conflicting statements, it is of some advantage to be able to 
choose reliable guides. 

The Authors do not fail to note that there are many lacunae in 
oar knowledge of the biology of the parasite of these dangerous 
fevers. The contradictory opinions that have been dwelt on 
relative to certain of the questions, both in the original Italian 
work, and in the various notes and appendices prepared for the 
present translation, may serve as so many starting-points for 
fresh investigations. These may help to fill up such lacunae, and 
to advance our knowledge in this most important field of study. 
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From the above remarks it will be seen how thoroughly abreast 
the Authors are with tbe most modern clinical and pathological 
methods, and that the volume is a model of conscientious research. 

The inquiry andertaben by our Authors into the question of the 
curative action of quinine, and tbe influence exerted by the drug 
on the parasitea of malaria, will be followed with great interest. 
According to them, very little change can be observed in the 
Btructure of the parasite. The remedy seems to inhibit the 
nntritive processes which enable the hfematozoon to develop and 
grow, up to the time that it has become ready to undergo seg- 
mentation. On the changes involved by the process of multipli- 
cation, quinine seemed to have no visible effect. When oni-e the 
aporea have become free in the blood-plasma, the specific appears 
to exert a deleterious action on them, and to render them incapable 
of penetrating within the red blood-corpuscle, where alone they 
seem able to accomplish their life-cycle. At all events, a gene- 
ration of spores, on becoming free in the blood-plasma sufficiently 
charged with quinine, disappears, and proves for the time harmless. 
Mannaberg'a researches on this point represent some of his very 
best work, and according to him, the fortress having been stormed 
at the citadel by the drug lias left the garrison impotent for 
evil. Though the bulk of the garrison has not been touched, 
yet the fortress, having been taken at a vital point, is incapable 
of offering resistance. To drop metaphor, Mannaberg found 
that when careful staining processes were resorted to, though 
the parasites as a whole fieemed to retain much of their usual 
appearances, the nuclei {chromatin substance) had been fatally 
damaged, and were found in a necrotic condition, This apparent 
discrepancy between the Roman researches and those of the Aus- 
trian observer seemed to depend on fresh specimens of the para- 
sites only having been studied in Rome, while it was owing to 
staining, that the cbanges otherwise invisible had been brought 
ont. This seemed to have advanced the subject much, simpli- 
fying the question, and rendering it intelligible. Lnter researches 
by onr Authors, in which they had recourse to staining, have 
not, on all points, in the case of summer-autumn fevers borne 
out Mannaberg's careful work. Perhaps it may be found that 
the observations made by Mannaberg, being chiefly in the spring 
tertians and quartans, as is shown by his illustrations, while those 
made in Rome were on the summer-autumn parasites, the differ- 
ences in the results arrived at depend on the spores of the 
parasite of tbe tertian type of fever being more susceptible to 
the influence of qninine, while those of the parasites of the 
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dangerous forms of fever possess greater powers of resistance 
to the influence of tlie drug. 

If some such simple explanation is arrived at by careful 
microscopic research^ the apparent differences will be reconciled. 
But for the present we must be content to wait. 

Our Authors have not dealt with the structure of the malarial 
parasite in this work^ bat I may just refer the reader to an 
important communication on the subject made by Drs. Bignami 
and Bastianelli to the Royal Academy of Medicine in Bome^ 
which has an important bearing on the question under considera- 
tion. The results they arrive at are somewhat different from 
those of other investigators. They distinguish between two 
substances in the youngest forms of amoebad : the one situated on 
the exterior^ a cytoplasm which can be stained with hadmatoxy- 
lin ; the other incapable of taking this stain^ and occupying a 
deeper position. In the first they found one or more granules of 
chromatin. They describe the changes they observed in the 
subsequent development of these structures thus differentiated^ 
and in the process of spore-formation^ dwelling on details of 
description which cannot be condensed into the form of a risume. 
They conclude that in the summer-autumn variety of the malarial 
parasite it is not possible to recognise any formation provided 
with the anatomical elements which constitute a true nucleus. 
According to them the chromophil granule^ which constitutes part 
of the ectoplasm, and which is diffused in the cytoplasm when it 
prepares for multiplication, represents that part of the parasite 
which fulfils the functions of a nucleus ; therefore it would 
appear that the parasites of the summer-autumn fevers are not 
provided with a true nucleus, but with a nucleiform structure, as 
Hertwig styles it. Their communication has not yet been pub- 
lished, but is expected to appear in the ' Transactions of the 
Roman Royal Academy of Medicine ' in April or May, 1894. 

With the view of assisting the reader in accepting the advanced 
teaching of the Authors, I may be permitted to allude here, 
shortly, to Laveran's views. With regard to the differences 
between the parasite of the quartan and that of the tertian, 
Laveran left us for long in doubt whether he accepted Golgi's 
advances or not. In his latest work, ' Paludisme,' published 
more than a year ago, it seems as if he had definitely decided, on 
not admitting the distinctions existing between the parasite of 
one type of fever and that of another (page 42). Again, he 
seems to think that polymorphism serves to explain the differ- 
ences in the evolution of the hsdmatozoa, and that these differ- 
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ences are not sufficient to authorise as in admitting distinct 
varieties (page 43). From his previous writings it was easy to 
understand the position that this great French observer took up, 
in combating any attempt to establish as species what were 
merely varieties of a single parasite. But it is not easy to find 
«n explanation of the position which he has more lately assumed. 
The most trustworthy observers in all countries have confirmed 
the Italian work, and, as far as I know, the representative of the 
French school stands alone. As bearing on the question of his 
not being able to admit these differences, it must not be lost 
sight of that Laveran, even in his latest published work, holds to 
the view that the parasites are not endoglobular, while every 
other observer has confirmed Marchiafava's observation that they 
are endoglobular. Another point of a similar nature, which 
shows that Laveran differs from all other observers, consists in 
his constantly seeing free parasites and spores circulating in the 
blood. This is a most difficult observation to make, and all are 
agreed that they are not familiar with appearances that would 
justify such an interpretation. We may, of course, assume that 
Laveran is a better observer or is possessed of better appliances 
for observation than men of b.11 other nationalities, in which case 
he may be right. But it is also open to us to assume that the 
microscope he uses has less perfect arrangements for illumination, 
and prevents him from seeing the shell or shadow of the red 
blood-corpuscle that has been fully occupied by the parasite, and 
has had its contents removed to furnish the hBematozoon with 
nourishment, Alt must be most unwilling to explain the position 
by assuming any want of skill on the part o£ Laveran, as we 
marvel at his acuteness in having with imperfect means arrived 
at the discoveries he announced in 1880. Whatever the explana- 
tion adopted, the fact of his having assumed isolated, if not 
untenable, positions iu regard to many of the questions discussed 
in this work, must not be overlooked. 

As the preface has already outgrown the limits within which I 
had hoped to be able to compress what I thought it necessary to 
say, I have thrown into a tabular form some of the differences 
between the views of our Authors and those of Laveran. Besides 
avoiding a lengthened disquisition, as the points that might have 
been dwelt upon are numerous, I hope this bird's-eye view will 
serve to show at a glance in what these differences consist, and 
how much modern medicine owes to Italy in the subjects taken 
up in this treatise. 
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IX EDITOE S PBEFACE. 

During the year and a Half since the Italian edition of this 
work was published a considerable amount of additional material 
has been accumulated by the Authors, new controversies have 
sprung up, and a considerable amount of recent work requiring ■' 
notice has been published. This virtually necessitated a second 
edition being prepared. Unfortunately the work had been 
translated, and was partly in type, before the necessity for a 
second edition became very clear. The Authors would have " 
preferred making the called-for additions in the form of notes ,■ 
appended to each page, but, perhaps fortunately, the work was 
too far advanced to permit of such a compromise, and the addi- 
tional material has been thrown into various chapters at the end L 
of the volume. The first consists of " Notes " referring to the ^ 
test by means of cross-references. A second chapter, described '\ 
as the "First Appendix," refers to the principal classifications of |f 
the parasites of malaria, and the Authors explain the various 
reasons for which they consider that they are unable to adopt I 
any of the schemes for classification as yet published. The 
" Second Appendix " treats of those parasitic finds that are i 
more seldom met with in the pernicious fevers, and the Authors V 
return again to the localisation of the parasites in the various 
viscera in dangerous cases. The " Third Appendix " discasaes i^ 
the various points at which the results of our author's researches * 
difEer from those published by Golgi in November and December, * 



After this preface was in print the valuable postscript to 
Appendix III was sent to me. The quotation from Celsus is 
probably unique in its exactness ; but others also among ancient 
writers describe the same thing with great clearness. In fact, 
the intimate knowledge they show of all the varieties of malarial 
fever known to us is very surprising. Hippocrates speaks of true 
tertians (spring) and of semi-tertians (summer-autumn), the one 
not fatal, and the other a very formidable fever. Perniciona parox- 
ysms he ascribes to the supervention of other acute diseases. 
One year specially he observed that the {awi-j^t'ic) continued 
malarial fevers (summer-autumn) were distinguished by an 
exacerbation every alternate day, after the manner of (spring) 
tertians. 

Galen distinguished between continued fever, aynochuB 
(typhoid, typhus), and subcontinued malarial {avvt\>iQ) : some 
(summer-autumn) subcontinued fevers having a daily remission 
like the quotidian (tertiana duplex and quartana triplex), others 
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assuming the type of (spring) tertians, or, very rarely, of (spring) 
quartans. 

Bhases dwells on the distinctions between the febris continent 
(typhoid, typhus) andthe/e&W« eontinita (malarial subcontinued), 
and clearly points out the close relation of the latter to intermit- 
tents. 

Avicenna calls the quotidian intermittent (spring, tertiana 
duplex, and triple quartan) febris phlegmatica periodica ; and the 
subcontinued quotidian (sammer-autumn) febris phlegmatica in* 
separabiUs or laiica. The (spring) tertian is his tertiana periodica, 
and the (summer-autumn) subcontinued tertian his tertiana con* 
tijvua. The two qaartans he distinguished likewise as periodica 
and continita. 

Paul of ^gina says, '' The subcontinaed fevers (summer- 
autumn) are allied to each of the (spring) intermittents ;'^ thas to 
the true tertian (spring) is allied the causus or ardent fever 
(summer-aatumn) ; to the quotidian (double tertian, triple quartan) 
that fever which has a paroxysm every day, but does not termi- 
nate in a complete freedom from fever (sammer-aatumn) ; and in 
like manner to the (spring) quartan, is related that which has an 
exacerbation every fourth day (a malignant quartan not known 
in Bome). Those who wish to pursue this subject further will 
find abundant materials for doing so in the learned prefaces, and 
notes full of erudition, which Francis Adams wrote for his trans- 
lations of the Greek, Roman, and Arabian authors, published by 
the Sydenham Society. 

In the appendices, as well as in the notes, our authors 
accentuate those portions of their researches that are subsequent 
to the Italian text, — researches in part confirmatory of previous 
work, in part entering on new ground. With these notes and 
appendices in our hands we may safely feel that up to the begin- 
ning of the year 1894 we are abreast of our times. These 
notes and appendices were made over to me in English by the 
Authors. 

The question of the reproduction of the various types of 
malarial fever by injecting blood containing the parasites has up 
till now remained in an unsatisfactory state. The experiments 
have seemed to be more or less contradictory of one another, and 
some seemed to be wanting in precision. In the autumn of 1893 
Drs. Bignami and Bastianelli carried out experiments on the 
inoculation of the parasites of the summer-autumn fevers, which 
have given important results, by contributing to our knowledge 
of the incubation period of malarial fever thus induced. They 
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bold (lut the time that elapses between the injection of blood 
eoBtsiBtsg psrssiles and tbe first paroxysm of ferer depends 
tbatSj oo two Escton : let, on tbe cntnber of pu&Eites intro- 
dsced ; 2nd, upon tbe rapidity of the cycle of their develop* 
sent. Tbejr have bronght to light a fact not hitheno demon- 
ttrsted, that tlw incabstion period for these gnmmer-aatnmn 
psmttea asay be extremely Ehort, extending over only two days 
or erea lest. Comparing soch a resnh with those noted regarding 
tbe tocabation in the case of quartan feven, they bare shown 
that the minimam period in the one case is much shorter than 
the minimnm in the other. 

The inoculation of the blood containing yoong parasites has 
always given positive resalts. The inocolation of blood, on the 
other hand, containing only eemilnnar bodies did not, in the 
single case observed, give rise to fever. This affords very 
strong confirmation of the view held by onr aatbora that the 
seroilanar bodies represent eterile forms. The results of this 
inquiry were lately communicated to tbe Royal Academy of 
Medicine in Rome, and are expected to appear in the Transactioas 
of that body in April or May, 1894, 

In concluding these prefatory remarks I have the pleasing 
dnty to perform of expressing my deep sense of the obligation 
dae by me to the Authors for having revised the translation. In 
several cases they have pointed out that their meaning was not 
conveyed by the translation ; they have suggested important 
corrections ; and throoghout the work have so carefully scanned 
each line as to detect printer's errors that the sharp eyes of a 
London proof reader had failed to discover, and my less practised 
eyes had not noticed. Such a critical acquaintance with a foreign 
language, as it should be written, may serve as an example most 
of us would like to follow ; and with such help I think I have 
fair grounds fur hoping that the translation will he found free 
from, at least, grave mistakes. 

T. Edhondstoh Charles, M.D., 

Hotun-ary Phyaieiati to H.M. the QtweN, 
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INTRODUCTION. 

The work which we now publish has two special objects. We 
propose in the first place to set forth the results of the researches 
carried out by us on the fevers which prevail in Rome during the 
summer and autumn^ — researches which have in part recently 
been described in a preliminary paper.' It is the exact state- 
ment of facts, supplemented by proofs, that forms the only means 
by which a usefal criticism of the conclusions advanced by us 
can be rendered possible. 

The study of the clinical forms, no less than the nomenclature 
of these fevers, has been hitherto the object of many discussions. 
We find the classification varying according to different authors, 
the delineation of this group of fevers uncertain ; while the errors 
in diagnosis, which have been the means of multiplying beyond 
measure the number, already very great, of the clinical forms 
which malaria produces in man, are not infrequent. The 
knowledge, then, of a sure means of diagnosis, the examination of 
the blood, sufficiently justified new and patient researches into 
the various febrile types of this group. In addition to this, it is 
necessary to study the biological cycle of the parasite in relation 
to the alternations of the fever. We could not, of course, flatter 
ourselves that such a study — in the nature of things — could prove 

' Marchia&va e Celli, 'Riforma Medica,' 13 Settembre, 1889; e ' Atti dell' 
Accad. Med. di Roma/ 1890-91. 

' Marchia&va e Bignami, " La quotidiana e la terzana eetivo autumnale/' 
'Rif. Med./ Settembre, 1891. 

1 
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complete ; indeed^ it is established that although the morphology 
of the malarial parasite, as far as it is known at present, is the 
same wherever it has been studied, whether in tropical or 
temperate climates, nevertheless the clinical forms of malaria, to 
judge from the descriptions of various writers, can run their 
course under very diverse appearances. Consequently our 
descriptions, estimates, and conclusions must refer solely and 
exclusively to the observations made during the last few years 
by us and by others on the summer and autumn endemic malaria 
of the Roman Campagna. Since the parasite of malaria became 
known, we and others have not had an opportunity of observing 
several clinical forms which have been described as malarial, and 
naturally it is as regards these that the question remains open. 

In the second place, we have a practical aim in view. We 
wish to place within reach of all medical men those most 
important facts brought to light by modem research which are 
a sure guide in diagnosis, and which can also afford useful 
criteria in determining the prognosis and directing the treatment. 
The results, in fact, which are obtained from the study of the 
parasite of malaria possess not merely a scientific interest ; it is 
an opinion by this time shared by all, that the examination of the 
blood is in some cases necessary for diagnosis. For the same 
reason we have thought it useful to consider also the action of 
quinine on the malarial parasite, as well as other questions which 
are of practical interest. 

With this view, moreover, we have recapitulated in shorter 
form all we now know about the tertian and quartan fevers, 
chiefly for the purpose of determining the difference between the 
summer tertian described by us and the mild tertian which pre- 
vails in the Roman Campagna during the spring. We have also 
supplemented our work with illustrative plates and thermometric 
charts, by which can be seen at a glance the difference between 
the parasitic variety of each type and of each group of fevers. 



CHAPTER I. 

CLASSIFICATION OP THE MALARIAL FEVERS. 

The fevers of ths winter and spring, and the summer-autumn 
fevers — The malignant infections form pa/rt of this latter group. 

The knowledge recently acquired with respect to the biology 
of the parasites of malaria harmonises perfectly with all that is 
known through cUnical and epidemiological research. Supported 
by the facts demonstrated by epidemiology, clinical study and 
parasitology divide the malarial fevers into two great groups. 

The first group comprises the quartan and the tertian. These two 
types of fever are usually found together in districts affected by 
mild malaria throughout the whole of the malarial season. They 
are only prevalent from the close of winter to the end of spring 
in the regions where malaria is severe^ but they may also be 
found in the summer and autumn^ along with the so-called 
summer and autumn fevers^ but much less frequently than these 
latter ; they are frequently observed in persons coming from 
parts of the district relatively less unhealthy. Clinically speaking, 
they are alike in the great regularity of their development in 
the majority of cases— a regularity which is much greater, how- 
ever, in the quartan than in the tertian. 

In fine, they have this in common, that, excepting the tendency 
to recur, which is frequently very obstinate, as is the case with 
the majority of malarial fevers, in most cases they do not tend 
to become aggravated, and recovery sometimes follows spon- 
taneously. 

Complex fevers may ensue, — for example, double tertian, double 
and triple quartan, subintrant (''intra ire^^) fevers, and very rarely 
true subcontinued ; hut malignant fevers never. 

This assertion rests on Marchiafava's experience of nearly ten 
years' duration, since the parasite of malaria has become known ; 
we may say that almost all the cases of malignant fever in the 
hospital of S. Spirito have been studied from the point of view 
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of the biology of the parasite, and not once have the forma of the 
parasite which belong to the tertian or quartan group of fevers been 
found} 

These two types of fever are prodaced by two varieties of para- 
site (the amoeba of the tertian and the amoeba of the qnartan 
fever), morphologically and biologically differing from each other ; 
bnt their difference is mnch less than that which differentiates 
them from the parasites of the following group. 

The second gronp of fevers, which is the subject of the present 
work, includes those fevers which constitute the summer and 
autumn endemic in the districts of severe malaria, fevers which 
all those practising in these regions at once distinguish from the 
common fever (tertian and quartan) which they place in contra- 
distinction to them. They are observed only exceptionally in the 
regions of mild malaria. These fevers present a combination of 
clinical characteristics by which they form a natural group which 
cannot be split up. Two fundamental clinical types belong to this 
group : a quotidian type {true qtu>tidian), which must be dis- 
tinguished from the quotidian caused by the doubling of the 
tertian of the first group, and from the rare form of quotidians of 
quartan origin {triple quartans) ; and a tertian type, the summer 
and autumn, or malignant tertian (we call it malignant that it may 
not be forgotten that even forms relatively mild have a tendency 
to become aggravated progressively, and not seldom till malignant 
symptoms set in). 

But the regular course of fevers of this group is often com- 
plex and obscured to such an extent that it becomes difficult or 
almost impossible to discern the fundamental type. Whether 
the attacks are prolonged or become approximated, or whether 
the subsequent attacks vary in length, or in the time of onset, or 
in the gravity of the symptoms, &c., it will be seen how all this 
produces such a complex of facts that the study of this group of 
fevers is rendered arduous enough. 

To the two types — summer-autumn quotidian and tertian — 
belong the greater part of the subcontinued fevers, and all the 
cases of malignant fever which have as yet been studied. 

In the second place, these fevers ought to be comprised in a 

' This agrees also with what Bignami observed in the twenty dissec- 
tions of cases of Pemiciosa, of which be has availed himself for the work 
** SuU' Anatomia Patologica delle Pemiciose " (' Atti dell' Accad. Med. di 
Boma,' 1890), as well as with all that has been noticed in the districts of mild 
malaria ; so also Gk>lgi, who for many years has been engaged in the stady 
of malarial infection, admits that he has not seen one case of malignant 
fever. 
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^gle group becanse they present a characteristic parasitic variety. 
In correspondence with the two fundamental clinical types, we 
distinguish the amoeba of the quotidian and the amoeba of the 
summer or malignant tertian. These two parasitic varieties (we 
shall discuss later on the question whether this name is really a 
suitable one for them) differ from each other chiefly in certain 
biological characteristics, as well as in a different rapidity in 
development, but they approach and resemble each other in 
numerous other characteristics ; while morphologically and bio- 
logically they are sharply separated from the parasitic varieties 
which belong to the mild tertian and quartan fevers. From the 
facts which we shall set forth on this point it results that from the 
clinical, as well as from the parasitic point of view, the group of 
summer and autumn fevers is sharply defined. 

All this leads us to believe that the following division and 
classification of malarial fevers answers to the body of facts 
known to epidemiology, to clinical medicine, and to parasitology. 

1. Mild malarial fevers prevailing in the winter and spring. 
This group comprises — 

(a) The quartan, the double quartan, and some quotidians of 
quartan origin (triple quartans), fevers due to the life cycle of 
a parasite, which is completed in three days (Golgi). 

{b) The tertian, the double tertian, some quotidians of tertian 
origin, very rarely subcontinued, fevers due to the development of 
a parasite which takes two days to mature (Golgi). 

2. Severe malarial fevers of the summer and autumn, com- 
prising — 

(a) The quotidian, caused by the life cycle of an amoeba 
which is developed within twenty-four hours. 

{b) The malignant tertian due to the life cycle of an amoeba 
which is matured within forty-eight hours. (We call it malig-' 
nant that it may not be forgotten that even forms relatively mild 
have a tendency to become aggravated progressively, and some- 
times tiU malignant symptoms set in.) To this group belong the 
maUgnant intermittent fevers, and the greater number of the 
subcontinued.^ 

> In connection with this dirision of fevers into winter-spring and sommer- 
aatomn g^ups, we cannot bnt remember the classification of Sydenham 
(T. Sydenham, * Opera omnia medica/ Patarii, 1700). He divides the 
intermittent fevers into two classes, those of the winter and those of the 
aQtomn. '*It is true that some fevers occur at intermediate times; bat 
since these are less frequent, and may, moreover, be referred to the others 
above mentioned (that is to say, to those which they most resemble), I shall 
include all fevers in these two classes, the spring and the autumn. February 
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and Aagnst are the months when, as a mle, they specially predominate, 
although sometimes their onset is sooner, sometimes later than this** 
(p. 87). 

This distinction of the fevers, according to Sydenham, is so necessary, 
that without taking it into acconnt it is impossible to rightly determine the 
prognosis or direct the cure. As to the type, winter fevers are almost all 
quotidian or tertian, while those of autumn are tertian and quartan. The 
winter fevers are not dangerous ; by the frequent repetition of the paroxysms, 
and by the long duration of the disease, the patient may be badly reduced, 
but recovery is the constant result; if treated in the wrong way, e.g. by 
bloodletting and purgatives, they may be much prolonged, but are not £Eital, 
so much so that the winter tertians may even be left to themselves without 
danger. 

The autumn fevers proceed in an entirely different manner ; in respect to 
these it is well known that in the first days of the attack the type is difficult 
to recognise ; that, as regards the cure, they stubbornly resist treatment ; 
that, as regards gravity, the epidemic tertian of the autumn is not devoid of 
danger ; that, as regards after results, while but few symptoms follow the 
intermittent fevers of the winter, the autumn fevers are succeeded by more 
numerous and more serious ones, as dropsy, indnratio ventris, &c. This 
division of the fevers is, according to Sydenham, fundamental and essentiaL 
There are tertians in winter and spring, just as in autumn ; nevertheless " I 
have no doubt," writes Sydenham, " that these fevers are different essentially 
and in their entire nature." 



CHAPTER II. 

QUARTAN AND TERTIAN.^ 

dycle of evolution, Biological and morphological characteristics of 
the Amoeba febris qnartanss — Biological and morphological 
characteristics of the Amoeba febris tertianae — In the quartan ew 
in the tertian the beginning of an attack coincides with the 
coming to maturity of a parasitic generation — Difference in the 
cycle of evolution and in the morphological and biological cha^ 
ra^teristics between the Amoeba febris qnartanse and the Amoeba 
febris tertianae. 

§ 1. Thb fundamental facts known about the amoeba of the 
•quartan and the amoeba of the tertian are due for the most part 
to the investigations of Golgi.* 

As we shall have frequently to refer to these two parasitic 
varieties^ in order to determine their points of difference and 
resemblance to other malarial parasites^ and to facilitate the 
following description we give here a short account of these 
facts. 

§ 2. Qaartan fever is caused by an amoeba {Amoeba febris quar^ 
tanse, Golgi) which completes its life cycle in three days. If the 
blood of a patient with quartan fever be examined on the morning 
of the first day of apyrexia we shall find within the red 
•corpuscles amoebae varying in size from a sixth to a fifth part 
of the corpuscle itself, with granular pigment at the periphery, 
of a hyaline appearance, endowed with sluggish movements, as 
is shown by the slow transformations of their contour. The 
red globules which contain them remain of normal size and 

* For clearness* sake we ought to note that when we write ** tertian " without 
further qualification we always intend reference to the common or mild 
tertian, as it is called, the parasitic cycle of which has been described by 
Golgi, a tertian which we distinguish from the summer or summer-autumn 
or malignant tertian. 

' 0. Gk>lgi, "Suir infezione malarica," *Arch. delle Scienze Mediche/ 
voL X, 1 886. 

C. €k>lgi, *'Sullo sviluppo dei parassiti malarici della febbre terzana," 
* Arch, per le Scienze Mediche,' vol. xiii, 1889. 
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appearance. Daring the whole period of apyrezia the dimen- 
sions of the amcebaB slowly increase^ and they preserve the same 
aspect ; the pigmentation becomes more abundant^ and the deve- 
lopment goes on in this manner nntil at last nothing is left of the 
red globules bat a very fine margin. About six, eighty or ten 
hoars before the fresh paroxysm those changes in the amoeba, 
which lead to segmeiltation (spore formation), begin to appear. 

At this point in its development the parasite has become so 
large that it fills up entirely or almost entirely the red blood- 
corpuscle, the periphery of which appears like a membrane round 
the amoeba. Some of these bodies are apparently free, and the 
pigment is no longer distributed on the periphery but irregu- 
larly. Then, while the process of segmentation is beginning, the 
pigment is usually disposed in radial striae, which have a tendency 
to form a central cluster. This concentration of the pigment con- 
tinues to take place until a collection of black granules or a single 
mass has been formed at the centre, and at the same time tho 
divisional strias in the substance of the parasite become gradually 
more clear. The result of this process is the formation of from 
nine to twelve ovoid or round spores, which are arranged like the 
petals of a daisy round the central mass of pigment. 

This segmentation {sporulation) is completed a little before or 
coincidently with the commencemerU of the paroxysm of fever. 
When the fever has developed the segmented forms disappear, 
and within the red globules the young amoebaB can be seen 
without pigment, and endowed with amoeboid movement. These 
slowly develop, forming pigment meanwhile, and so the life cycle 
is repeated as described. 

The process of segmentation may happen in a less regular 
way. Instead of the pigment being concentrated in a single 
central mass it may form into smaller masses, or it may remain 
distributed among the spores, &c. Moreover the spore for- 
mation may take place even before the amoeba has attained the 
dimensions of the red globule, with at the most six to eight spores 
{Antolisei^) . But this is found only exceptionally. It is possible 
to meet with forms of segmentation even from seven to eight 
hours before the paroxysm ; and the young forms of the parasite 
may appear even two hours before the commencement of the 
fever, and go on increasing as the fever progresses. These facts, 
however, do not shake the law, which is that the beginning of 
each paroxysm coincides with the maturation of a generation of 
parasites. 

^ E. Antolisei, " Sull' exnatozoo della qnartana/' ' Bif. Med./ 1890. 
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The life cycle of a quartan amoeba is completed entirely in the 
blood as it circulates^ in such a way that all its phases are yeiy 
easily open to observation. On an examination of blood extracted 
from the spleen Bdstianelli and Bignami^ found no notable difFer- 
ences in the distribution of the parasite forms when they com- 
pared what they found with what was seen at the same time in 
the blood of the finger (while the differences are very remark- 
able, as we shall see, in the summer forms) ; they found in the 
spleen a much larger number of leucocytes containing pigment, 
or containing parasites and spores. 

Every paroxysm of fever is concomitant with the inclusion of 
a certain number of spores in the white blood-corpuscles (Golgi). 
Bastianelli and Bignami have also established the fact that all the 
adult forms do not arrive at sporulation, but that a part, after 
becoming free in the plasma, die (although this happens to a 
much less extent than what is observed in the tertian) ; this fact, 
taken in conjunction with the foregoing, explains how it is that 
the red blood-corpuscles, invaded by the young amoebaB during the 
paroxysm of fever, are never as numerous as we should expect to 
see them, taking into consideration the pre-existing adult forms, 
and forms of segmentation? 

§ 3. The tertian is caused by a parasite [Amoeba febris tertianse, 
Golgi) which completes its life cycle in two days.* The 
development of this amoeba takes place in the following way : — 
Some hours after the paroxysm the plasmodia described by 
Marchtafava and Celli are seen in the red blood-corpuscles ; they 
are of small size (one quarter to one fifth of the red blood-corpuscle 
in diameter) and endowed with amoeboid movements, which are 
more lively than in the similar forms of the quartan fever ; the 
pseudopodia are fine and very long, so that they extrude them- 
selves almost to the circumference of the red blood-corpuscle ; 
sometimes they are so fine that their connection with the body 
of the parasite would escape detection were it not that as one 
follows them they are seen to retract, while other pseudopodia go 
ploughing up the substance of the red blood-corpuscle in other 
directions. 

At a somewhat more advanced stage of development fine 
granules of black pigment are noticed ; these have a tendency ta 

' Bastianelli e Bignami, *'Siiir infezione malarica primaveiile/' 'Bif. 
Med./ 1890, 
' See Plate I a, figs, i — 14. 
' See Plate I a, figs. 14 — 33. 
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uccamnlate towards the extremities of the pseadopodia^ which are 
usually slightly thickened. 

Already at this stage the tendency in the red blood-corpuscles 
to shrivel is less pronounced than in the normal ones^ and they 
appear somewhat larger than the others (the healthy red blood* 
corpuscles). 

On the day of apyrexia the amoeboid bodies have become 
considerably larger, so that they now fill half to two thirds of the 
red blood-corpuscle, and contain a great deal of pigment ; at the 
same time the amoeboid movements are much less lively. The 
red blood-corpuscles which contain them are very pale, and much 
larger than the others. 

This phase of life is followed by those internal changes which 
precede segmentation, as well as by the segmentation itself. The 
segmentation is effected, according to Golgi, in various ways ; the 
pigment collects together at the centre of the amoeba in a mass^ 
while the body of the parasite divides itself in such a way that 
a cluster of ovoid or round spores is formed. This is Golgi's 
second mode of segmentation. 

The third method of segmentation which Golgi points out — ^but 
with reserve^ — is, according to what the latest investigations 
would lead us to believe, a process of disintegration and death. 

Golgi's first mode of segmentation has not been remarked by 
other observers (Antolisei) ; it is as follows : — After the pigment 
has been collected at the centre, the circumference of the 
parasite^s body separates itself, and becomes like a ring; the 
substance of this ring divides itself into from fifteen to twenty 
spores, at first oval, then globular, which arrange themselves like 
a crown round the pigmented disc in the centre. 

Not all the adult pigmented bodies of the tertian reach 
sporulation. Many become provided with flagella, to the fre- 
quency of which, as forming part of the life cycle of the tertian 
amoeba, Antolisei^ especially has called attention. Others form 
vacuoles and disintegrate into a hyaline spherule ; this has been 
described by Celli and Antoliseiy and regarded as a process of 
degeneration and death. 

The sporulation does not always happen in the manner 
described ; in the anticipating tertians and irregular quotidians 
of tertian origin, Bastianelli and Bignami^ have described small 
sporulations formed of from five to ten spores collected round 
little granules, or on a single granule of pigment ; they extend 

* Antolisei, " SulP ematozoo della terzana/' ' Bif. Medica,' 1890. 
^ Loc. cit. 
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hardly halfway (or perhaps a little more) into the red blood- 
corpnscle. 

Moreover the degeneration of the red blood-corpuscle which 
has been invaded does not always take place in the way described. 
Sometimes one notices a complete discoloration of the red blood- 
corpuscle before the parasite has invaded more than a small part of 
it. Much more rarely the colouring substance of the red corpuscle 
becomes like old gold^ while the globule itself shrivels up, in a 
way analogous to what is seen in the summer fever.^ 

Unlike what we see in the quartan, the adult forms of the 
parasite have a tendency in the tertian to accumulate in the internal 
organs. Thus in the spleen the forms of segmentation are found 
in considerable quantities, and the pigmented hyaline spheres, 
which arise from the necrotic disintegration of the adult bodies, 
can be seen collected in large numbers within the macrophagi. 

§ 4. In the tertian as in the quartan the beginning of the paroxysm 
coincides with the maturation of a generation of parasites. The 
double tertian is caused by two parasitic generations, in the same 
way as the double and triple quartan (quotidian of quartan origin) 
are due to the presence and development in the blood of two and 
three generations respectively {Golgi). Subcontinued fevers 
caused by quartan and tertian parasites are met with only excep- 
tionally. In two cases of subcontinued fever with quartan para- 
sites Antolisei found parasites in all the stages of development 
in one and the same preparation, and forms of sporulation smaller 
than usual (premature sporulation). 

§ 5. The quartan parasites are distinguished moi*phologically 
and biologically from those of the tertian {Oolgi). We may notice 
the following : 

(a) Differences in the cycle of evolution. — The tertian parasite 
completes its life cycle in two days, the quartan in three. 

(6) Differences in the character of the amoeboid movemerits, — In 
the tertian the amoeboid bodies within the red blood-corpuscles 
have much more lively movements than those in the quartan. 

(c) Differences in the mode of action of the parasite as regards 
the substance of the red blood-corpuscle. — The tertian parasite dis- 
colours the red blood-corpuscle much more energetically and 
rapidly than does the quartan. And further, while the red blood- 
corpuscles which have been invaded by the quartan parasite tend 
to shrivel up, those invaded by the tertian parasite, on the contrary, 
are seen to be expanded, and they tend to become larger than the 
normal red blood-corpuscles. 

^ Loc. cit. 
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(d) Differences in morphological characteristica, — ^The quartan 
amoebaB have more sharply defined contoars than the tertian. The 
grannies of pigment in the tertian amoeba are of extreme fine- 
ness ; in the quartan amcebse they are coarser. 

The following differences are seen in the forms of spomlation r 
— (I) The number of spores arising from the division is from 
fifteen to twenty in the tertian^ from six to twelve in the quartan ; 
(2) the size of the single segments is larger in the quartan ; and 
further (3)^ in the interior of each segment, which is the result of 
the division of the quartan amoeba, we find a central shining 
sphere (probably the nucleus), while in the tertian spore no such 
bright spot is seen [Oolgi). 

The resemblances between the two varieties are so marked that 
there is no need of their being dwelt on ; we shall now discuss 
much greater differences by which they are distinguished from 
the parasites of the summer-autumn fevers. 



CHAPTER III. 

STJMMBB-ATmiMN PBVBES — HISTORICAL SKETCH. 

Classijieation of Torti's fevers^ and especially of the malignant 
infections; complicated (comitata) and subcontinued (subcon- 
tinna) mulignant fever; distinction between a benign con- 
tinnity and a malignant continuity ; origin of the subcontinued 
fevers through the overlapping of paroxysms; instance of 
subcontinusd infection produced by the prolongation of the 
febrile paroxysms — Gaeguen ; researches on the course of tempe- 
rature in the intermittent and ephemeral fevers — Baccelli; 
differential diagnosis between subcontinued (sabcontinna)^ pro- 
portioned (proportionata), and subintrant (subintrans) fever ; 
origin and conception of the subcontinued infection — Condition 
and quantity of the parasites in the different types of fever — 
Colin ; clinical characteristics of the remittent or simple con- 
tinued fevers; symptoms of the two forms of subcontinued 
infection, '' the summer subcontinued and the auturrm subcon^ 
tinued " — Transformations of the types of fever — Laveran ; 
clinical chara>cteristics of the marsh continued fevers ; condi' 
tion of the parasites in the continued fevers and in quotidians 
of first invasiovr^Stemhevg ; different forms 0/ remittent mala- 
rial fever — Kelsch and Kiener ; classification of all the malig- 
nant malarial fevers in two groups, simple malignant (soUtaria) 
and complicated malignant (comitata) ; various clinical forms 
of the " solitaria '' fever — Schellong ; observations on the 
malarial fevers of New Guinea; recent researches on the 
parasite of the summer-autumn fevers (Marchiafava and Celli, 
Golgi^ Canalis^ Antolisei and Angelini^ Sakharoff, ^^0* 

§ 6. It is not our object to give a complete history of the danger- 
ous malarial fevers — the fevers, that is to say, which Marchiafava 
and Celli have collected under the group of summer-autumn fevers. 
This task would carry us too far, and would draw us away from 
the aim we have set before us. Still we cannot refrain from 
stating the opinions which have been expressed with regard to 
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these fevers by some of the principal writers on malaria^ and we 
shall consider especially the fevers called by various anthora 
snbcontinued^ continued^ or remittent. 

Of the subject of these fevers^ even recent authors^ e. g. Stem' 
lerg, say with Dutroulau, '' It is all chaos/' 

The contradictory descriptions^ the inexact data which we 
possess on this subject^ depend to a large extent on the fact that 
the majority of the writers who have engaged in the study of 
these fevers, through not having a sure means of diagnosis, such 
as we now have in the examination of the blood, have frequently 
confounded fevers of a different nature with malarial fevers — a 
mistake by no means difKcult to make unless one has as guide 
that salient characteristic of malarial fevers, the intermittence 
and periodicity. Now these are exactly the characteristics 
which very often are wanting, or at least are not detected, in the 
fevers with which we are dealing. 

Another cause of obscurity in this matter lies in the different 
use of terms and in the different significations given not infre- 
quently by different observers to the same word. 

Although the biology of the hssmatozoon which is the cause 
of these fevers in relation to the course of the disease must be 
our chief subject of consideration, still we could not, without 
becoming obscure, quite omit to notice these fevers from the 
clinical point of view, aiid this especially when we remember 
how much light is thrown on the disease in its course by the 
knowledge of the parasite's biology, and how this knowledge 
explains in a satisfactory way why the intermittence in these 
types of fever disappears either wholly or in part, and how the 
complex types of malarial fever are generated, and how, finally, 
it elucidates the genesis of many malignant symptoms. 

§ 7. The best part of our clinical knowledge with regard to these 
fevers is derived from the classical book by Torti on the treat- 
ment of the periodic malignant fevers ; his classification of the 
fevers has been followed by the majority of subsequent writers. 

Torti^ divides fevers into simple and putrid, and the latter 
into continued and intermittent. The intermittent he divides 
into discrete and subintrant, calling them (the intermittent) 
discrete or legitimate when the paroxysms are well distinguished, 
siibintrant or masked ("note'') when before one paroxysm is 
finished another succeeds it; and these latter he divides into 
communicating when the fresh paroxysm comes on just as the 

^ Torti» ' Therapeutice speciallB ad febree periodicas pemicioeas,' YenetiiB^ 
1743. lib. T, cap. I. 
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preceding one approaches its termination^ and aubintrant properly 
80 called when the end of the paroxysm is still distant. The 
discrete fevers are divided according to their type into quartan, 
tertian, and quotidian. 

Malignancy belongs^ for the most part, to tertian fever, which 
is subdivided into benign and malignant. Malignant fevers are 
divided into simple {solitaria) and complicated (comitata) . '* That 
is to say, they comprise the fever which, of its own evil nature 
passes into an acute, malignant, and pernicious malady, as well 
as the kind which suddenly becomes serious owing to the addi- 
tion of some peculiar and dangerous symptom, worse than the 
disease itself which it counterfeits, and the fever which it accom- 
panies/' The complicated are divided into colliquative (choleraic, 
h»morrhagic, cardiac, diaphoretic) and coagulative (syncopal, 
algid, lethargic). 

In Book in, chap, i, p. 123, Torti defines the two forms of the 
malignant fevers as follows : — " Now, as a general rule, there are 
two varieties of this periodic malignant infection : in the oue the 
intermissions continue, and the severe nature of the disease 
is only shown by the circumstance that the paroxysm is attended 
by some severe and peculiar symptom, the deadliness of which is 
but little affected beneficially by the intermediate apyrexia which 
in other cases, according to Hippocrates, gives assurance of 
safety ; in the other variety the period of intermission becomes 
lost little by little, and the fever tends to assume a continued 
and acute form, usually gradually, but sometimes abruptly, while 
various severe symptoms continue up to the actual time of the 
intermission, which is itself not complete/'^ 

> Paccinotti keenly criticises Torti's conception of the " solitaria " fever, 
ind apropos of this sets forth facts and conclosions which, in part, are cer- 
tainly in conformity with trath. 

In the same group of Torti's *' comitatsB " fevers (he says) some present 
the snbcontinned type; "just as, on the other hand, if I were to properly 
examine his ' solitaria ' snbcontinned fevers, I should constantly find in every 
case a predominating symptom, by virtue of which they would have to be 
admitted again into the flEunily of the 'comitatse.' In the first I should 
find the paroxysms accompanied by a comatose condition, in the second by 
mental aberration, in the third by serious delirium, in the fourth by clonic 
convulsions, Slc Now, however much these forms may occa- 
sionally be interchangeable, nevertheless the rule is that these symptoms 
present a more considerable constancy than the type of the fever/* And he 
goes on to notice that many malignant ** comitatae " fevers can be, as far as 
regards the type, snboontinued, ''just as the subcontinned are capable of deve- 
loping any primary symptom of the malignant fever." (' Opere mediche di 
Franoeeoo Puccinotti,' Milano, 1856, vol. i, p. 162, et seq.) 
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The maligiiaut fevers in which the rtate of ferer is continued 
mnd accompanied by serious symptoms of different sorts con- 
stitute Torti's eighth species of the ma lig na n t fevers, called by 
him ''febris subcontinua pemiciosa" or '' malignans." With 
regard to the continuity of the fever which is by nature inter- 
mittent, Torti distinguishes a "benign" and a ''malignant 
continuity. Thos, in speaking of the subcontinued fever, he says, 
** I am not, therefore, here speaking of that mild and benign 
form of accidental continuity which an intermittent fever some- 
times acquires when, from being originally simple, it becomes 
double or triple, and then finally subintrant, — ^in a word, exactly so 
far continued as it can be made from a certain slight prolongation 
of paroxysms which, in their own nature, perfectly admit of 
coming to an end ; in this case, of course, one attack is often 
anticipating, and supervenes on another before this latter has 
completely passed away, &c. I am not now discussing fevers of 
this sort, which assume a purely accidental and, at the same time, 
benign continuity," &c. 

Nevertheless he maintains that such fevers as have acquired 
the benign continuity can '' proceed to an essential and dangerous 
continuity, nay, even to the highest degree of virulence and 
malignancy " (p. 130) ; and a little further on, speaking of the 
intermittent fever, " which, when it becomes continued, becomes 
also acute and serious, for it is only with the advent of continuity 
that the disease takes a severe form," he adds, '' whether this 
takes place by means of snbintrant paroxysms, or in any other 
way, if indeed any other way be possible (which I should hardly 
believe)." 

As results from this position, Torti maintained that the more 
usual way in which an intermittent fever would become a malignant 
subcontinued one would be '^per viam paroxysmorum subingre- 
dientium." This fact is also recognised in the cases which he 
mentions.' 

The transition from an intermittent fever to a subcontinued one 
takes place at different periods and in various ways. Sometimes 
the intermittent fever becomes subcontinued suddenly, at the 
very beginning of the illness, sometimes during its course. 

In this case the transition happens either rapidly, or else 
gradually after many paroxysms. 

In his statement of the symptomatology of the subcontinued 
fevers, illustrated by some cases, it is clearly seen how some of 
these belonged to other infections, chiefly of a typhoid nature. 

^ Torti, lib. ▼, chap, ii, p. 199. 
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In discussing the subcontinned fever which is malignant " ab 
initio morbi/' he gives an example of a fever which had become 
so through the paroxysms being prolonged.^ '' That students may 
better understand the state of the question^ which may be studied 
in an analytical way, we will give an example. Let us suppose the 
case of a duplex tertian fever ; on the first day, its commencement 
in the morning is marked by a moderate amount of shivering and 
some vomiting, together with the other usual symptoms. This is 
succeeded by a heat which is strongly pungent to the touch, by 
thirst, and by a dryness of the tongue which cannot be easily moist- 
ened. The paroxysm is prolonged over the usual time ; and at 
length a considerable, but not complete remission is ushered in 
by a sweating which is neither abundant nor general. On the 
afternoon of the following day, before the first attack has entirely 
passed away, a fresh access appears, accompanied by a very slight, 
short, and scarcely perceptible rigor ; soon after this the heat and 
other symptoms of fever return in more than average intensity. 
At night the patient feels ill, and only secures sleep a little before 
daybreak ; the sleep induces a general moisture on the body, which 
in the region of the forehead develops into perspiration ; and so at 
last a sort of intermission occurs ; but it can hardly be called such, 
strictly speaking. In the mean time, before the sweating has 
fiDisbed, another and very short fit of shivering takes place, 
and simultaneously there is a transitory lowering of the pulse. 
This leads on the third day to a paroxysm more serious and of 
greater length than the preceding, attended with the same sym- 
ptoms, only more pronounced, and, it may be, with others also. 
We will suppose that this access of fever persists very decidedly 
ontil the following morning, — that is to say, the commencement 
of the fourth day.^' And then follows the discussion of the 
treatment of this form of fever. 

These textual quotations from Torti determine, then, the fact 
that in the group of dangerous fevers he distinguished a series of 
cases in which one symptom exclusively determined the whole 
clinical physiognomy, and which he called '' complicated " {comir' 
tatse) malignant fevers ; and a series of cases in which one pre- 
dominating symptom did not exist, or at least was not very 
pronounced, but in which serious symptoms of different sorts 
existed, and the intermittence was not well marked ; these he 
called ** simple ^' malignant subcontinned fevers {solitwrise) . In 
the group of fevers where the intermittence was obscured he 
drew a distinction between the subintrant, as benign fevers, 

* Lib. ix, p. 239. 

2 
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and the malignant sabcontinned ones ; he made no sharp divi- 
sion^ however^ between these two forms^ as if they were essen- 
tially distinct^ seeing that he admitted that the sabintrant fevers 
could become malignant. This is shown also by the idea which 
Torti had of the way in which an intermittent fever becomes snb- 
continaed^ — ^that is^ by the overlapping of the paroxysms. We 
find^ then^ in Torti's conception of the sabcontinaed fever no idea 
of its differing from the sabintrant also in the way in which it is 
developed from a common intermittent. It was in the symptoms^ 
in the gravity^ in the clinical course of the disease^ &c., that he 
found his reasons for differentiating these two clinical forms. In 
fact^ the instance of subcontinued fever which he adduces as a 
type is nothing but a double tertian with prolonged and subintrant 
paroxysms. 

We shall see in the sequel how far Torti^s classification can be 
reconciled with the researches on the biology of the parasite^ and 
on the thermometry of the dangerous fevers. 

§ 8. All observers have noticed the importance of studying Torti^ 
not only on account of his nosography — for it is difficult to be 
happier than he is in describing the various morbid forms^ — but also 
because of the view^ which he so strenuously maintained^ that 
these fevers should be treated by cinchona bark. Almost all 
writers have adopted his classification and fundamental criteria for 
the division of these fevers^ without adding facts or remarks 
of much importance ; so much so that to find investigations 
worthy of attention we must come to the last few decades. 

§ 9. Wunderlich had to admit that from the point of view of 
thermometry only the intermittent form of marsh infection is suffi- 
ciently exactly known.^ This blank in our knowledge Gu^gnen 
set himself to fill up^ and published an abundance of charts 
wherein certainly figure many fevers of non-malarial nature. 

In his work ' Sur la marche de la temperature dans les fi^vres 
intermittentes et les fi^vres eph6m^res^'' completed at Guadaloupe^ 
the author we have quoted endeavours to determine by exact 
thermometrical observations^ the thermal curve of the intermittent 
fevers in hot countries^ and especially of the remittent fevers. 
Although among his various types of the latter there may be 
some^ as we have already said, which cannot be considered 
malarial in nature, still we shall briefly give Gueguen's classifica- 
tion of the remittent fevers, noticing that some examples of his 

1 Wunderlich, 'De la temperature dans les maladies/ trad, par le Dr. 
Labadie-Lagraye» 1872. 

2 Paris, Bailli^re et fils, 1878. 
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remittent tertian recall oar summer or malignant tertian. The 
author does not devote much time to the nature of the febrile 
Btate^ but studies only the charts of remittent fever. He makes 
the following divisions : 

Group of the Behittent Fevers. 

A. Remittent quotidian (p. 34). — The temperature varies be- 
tween ioo*4° and 104° F., and it may also reach 98*6° F. or 
thereabout during the period of remission^ but this defervescence 
is in all cases transitory^ and the fever soon reappears with all 
its train of symptoms. 

B. Remittent tertian (p. 35). — Here we find regular remissions 
every forty-eight hours. This regularity is not always exact, as 
one paroxysm sometimes comes before^ and another after its time. 
If the intervals which separate the remissions are sometimes 
irregular^ those which separate the apex of the curve are almost 
always regular. 

c. Subcontinued fever (p. 36). — This is a fever which is con- 
tinued for eight or ten days^ the temperature varying between 
i02'2^ and 104^; towards the twelfth day a more marked remis- 
sion takes place, and the fever becomes an intermittent quotidian 
(Ex. 20). It does not follow from the description that this 
sabcontinued fever of Gueguen is a malarial fever ; on the con- 
trary, it is only reasonable to suppose that it is not. According 
to the author it would be a seasonal fever for the acclimatised, 
because the Creoles and the natives are generally taken by it at 
the beginning of the winter or at the commencement of the cool 
Beason ; the new-comers, on the contrary, may fall victims to it 
at any time. 

D. Remittent^ntermittent fever (p. 38) . — Only two cases of this 
observed. Gueguen says the treatment (salts of quinine) has no 
effect on the order of the paroxysms. 

s. Intermittent fever with relapses. — Of this fever there were 
only two cases seen. The symptoms are those of a typhoid fever. 
The author puts down this fever as bordering on the '^ relapsing 
feverJ^ 

f. Remittent typhoid fever (Tracings 23, 24, 25). — Gueguen 
believes this to be a typhoid fever with a special curve of 
temperature. All the symptoms considered together, this fever 
resembles the typhoid of Europe. 

To these forms he adds — 

G. The inflammatory fever. 
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H. The biUcnts rcmUi mi fet^er^ But the object we lisve in Tkm 
does not oblige us to diflcaise iheBe. 

§ lo. Prof. Beooelli'fiBoisaDcliniealBtadieB on these feFBn»anl 
eepeciallj on the eaboontinaed groop^ extend back to the yev 
1866. The fundamental principles upheld by him as zogards 
malarial iniection, and recapitnlated in the Report read befate 
the Italian Medical Congress of 1889, are that '' malaria as an 
infective agent produces in the human organism a morbid ocmdi- 
tion of blood and a neuro^psralysis through direct injuiy ol 
the blood-corpuscle and of the ganglionic system^ and tliat the 
process which results therefrom produces ferer but nerer inflam- 
mation^ as is taught by clinical science and pathological anatomy." 
In the first lecture^ published by him on the subject, after 
determining the fundamental facts of which it is neoessaiy to 
take account in diagnosing the subcontinued fevers, he oansidBEB 
the differential diagnosis between the subcontinued and the so- 
called *' proportionata/' and gives the following conoeptdon of 
the proportionata. 

'* By this last term is meant the union of two morbid pro- 
cesses, the one continued^ the other intermittent, in such a mj 
that to the continued course of the fever caused by the one 
process there is added the clearly defined onsets and remissions 
caused by the appearance and disappearance of the paroxysm 
produced by the other process'* (p. 6). 

On the other hand — 

''The subcontinued is a simple process, and subordinates 
completely to itself every " crotopathia/'* and when the symptoms 
and the groups of symptoms are strictly examined it revetds its 
special nature as one of congestive dyscrasia. The preparations 
of quinine form the sole remedy '' (p. 8). 

After this he confines his observations to the pneumonic sub- 
continued fever, i. e. the subcontinued accompanied by the phe- 
nomena of pulmonary congestion. The temperature varies in 
these fevers between 98*6° and 104° F. 

With regard to these forms of subcontinued fever the author' 
remarks that when the patients were subjected to large doses 
of quinine '* to paralyse in a few hours the causal influence," 
** the congestive dyscrasic pneumonia passed into exudative 
pneumonia.'* 

* *Delle febbri sabcontinue/ Lezione del Prof. Guide Baccelli, Boma, 
1866. 

3 Dominant Bymptom.— Ed. 

* ' Lu p44rnicio8it2i,' 1884, p. 44* 
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Later an, in another monograph^ oonceming the morbid forms 
of malaria^ he considers specially the snbcontinned and the sab* 
intrant fever. 

" The snbintrant (suhintrana) is marked by the prolongation of 
the paroxysms^ so that another begins before the first is ended. 
In this way the initial cold stage of the coming fever occurs in 
presence of^ and almost in contact with^ the sweating stage of the 
attack which is passing away. This fever presents nothing serious ; 
the paroxysms become constantly longer and milder until they 
cease altogether^ and for the most part the fever disappears with 
a last prolonged paroxysm'' (p. 31). 

" In the subcontinued fever {suhcontinua) there is also the over- 
lapping of paroxysms^ and this is the reason why many people 
have confounded it with the snbintrant. . . . Sometimes it begins 
as intermittent^ sometimes it appears at once as subcontinued. In 
the first case it is clearly seen how the paroxysms^ at first definite^ 
and, so to say, autonomous, become afterwards more frequent ; 
at last, as these attacks hurry more and more upon each other, 
their alternation is concealed under the appearance of continuity. 
In the second case the onset of the paroxysms is no longer 
shown, except by the rise and fall of the temperature at short, 
very short, intervals " (p. 30* 

Further on the author unfolds his theory, and says '* the sub- 
intrant owes its appearance of continued fever to the prolonging 
of the paroxysms, the subcontinued to the numerical increase of 
the paroxysms in a fixed time,'' The subintraut is a very mild 
form, ''which may be treated up to its close by the mildest 
measures ;'' the other one is dangerous, '' indeed, the only one 
which deserves the name of malignancy by reason of the type.'' 

In his various later works on the same subject the author 
returns to the same idea of subcontinued fever, insists on the 
notion that the subcontinued is produced by the numerical increase 
of the paroxysms in a fixed time, and criticises the word '' remit- 
tent'' applied by the French and Germans to these malarial 
fevers. In his lecture on malignancy he expresses himself as 
follows : — " The malignancy of the type lies in its being subcon- 
tinued" (p. 35).* The way in which the intermittent fever 
becomes subcontinued is by " the numerical increase of the parox- 
ysms in a fixed time." On the other hand, a continued fever 
which has become so from a prolongation of the paroxysms 
(as, for instance, the snbintrant) is not malignant (p. 36). The 

1 ' La malaria di Boma/ Prof. G. Baccelli, 1878. 
' " La Pemiciosita," ' Lezione Clinica,' Boma, 1884. 
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mmKgiuuitfeTers whicli Torti called ''eoMtioiJB" tiie mnihorbelieTes 
to be doe to tlie feeble lesislaiioe of tbe ovgmn or organs^ 
throogli wbich the cafanmatmg sjmpioms ehow thanselves. 
" The masked f eren form an extreme which admits the maxi- 
mmn of maligiiancy " from the indiridiial point of Tiew^ " then 
eomes as a middle term^ Torti's eomiiaim, and lastty as the other 
extreme^ the malignant feyer (the «ii&coiiitMiui)^ which is devoid 
of colminating symptoms " (p. 40). 

As far as concerns the clinical fcHin, the difference between 
the ef/mitala and mhcaniinwi lies in this^ that while ''the 
malignant intermittent has a predominant qualifying symptom 
— ^lethargy, deliriom, hiccough, syncope, haemorrhage, and the 
like, . . . every sobcontinned fever has no single symptom to 
qualify it, bnt a general morbid condition, e. g. pneumonic, bilious, 
rheumatic, typhoid, &c."^ 

Tbe character of the thermoscopic curve of this fever con- 
sists in this, that '* in a given cycle of time — twenty-four hours- 
it presents several breaks which correspond to the number of 
the paroxysms noted in the day^s course" (1* c., p. 18). As regards 
its length and clinical course. Professor Baccelli writes that '' the 
typhoid subcontinued fever has no necessary cycle " (p. 45). 

Moreover, the most recent researches of this iUnstrious physician 
on the same subject — ^researches in which due account is also taken 
of the results of the discovery of the parasite — arrive at the same 
fundamental conclusions that we have deduced from the preced- 
ing works. We may notice this last study more fully for the 
special reason that it has to do also with that which more directly 
concerns the subject of our researches — ^we mean the examination 
of the blood.* 

The subcontinued fever {subeontinud) (p. 142) may arise from 
every sort of febrile type ; only a clear change must take place in 
the paroxysmal form of the type. 

The first thing to be observed is the increased number of the 
paroxysms. A tertian becomes a double tertian, then a double 
redoubled tertian ; in this way the type of a real subcontinued is 
reached at last. It is the summer forms, as a rule, that are more 
inclined to this change in the type. 

In the form of subcontinued fever which is derived directly 
from intermittent paroxysms (tertian and quartan), the author has 
succeeded in determining by the microscope the co-existence of 

1 G. Baccelli, ' La Bubcontinna tifoide,' Boma, 1876. 
' ' Yerbaadlnngen des X Intemationalen Medicinischen Gongressen,* 
Berlin, 4 — 9 Augutt, 1890, Bd. ii, Abtheilong ▼, 1891. 
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several generations of parasites in different degrees of develop- 
ment^ the cycles of evolution of which " se pressent les uns sar les 
antres.'' The same was noticed in the sammer fevers^ which are 
remarkably liable to become subcontinued. 

The thermoscopic charts of the tertian show^ ist^ that the 
paroxysms tend to come nearer together ; 2nd^ that they tend to 
keep remote from the complete apyrexia ; and jrd^ that they tend 
to increase in number. 

Now raise these symptoms (says Prof. Baccelli) another degree 
higher^ and you get the subcontinued; the subcontinued is 
nothing but the confused mass of these attacks of fever. But 
after the action of quinine the type may become more easy to 
recognise (p. 143). 

As regards the search for the parasite^ with reference to the 
so-called summer fevers and the tertian and quartan, Prof. Baccelli 
remarks as follows : 

'^ In some circumstances^ and this^ too, only rarely in the first 
days of the original infection, especially in the case of those fevers 
which are observed in the summer months, the microscopic exami- 
nation of blood taken from the finger has yielded a negative 
result. In the same way it has been negative in the first attacks 
of fever induced by way of experiment through intra-venous 
injections of malarial blood. In these cases the result was always 
positive when the blood of the spleen was examined.^' 

Then, with regard to the connection between the number of 
the altered red corpuscles and the degree of the morbid process, 
our author determines the following laws : — In the primary 
quartan, tertian, and quotidian fevers, or in those of recurring 
infection, the more serious paroxysms correspond to a larger, the 
weaker paroxysms to a smaller number of parasites. In the 
primary quartan and tertian with a high temperature, the number 
of the parasites is limited in comparison with that found in the 
recurring forms (pp. 140 and 141). In the summer fevers the 
nnmber of the parasites is so limited during the first days of the 
disease that sometimes they are not found at all in the blood of 
the finger; bot they increase progressively in the following days 
in proportion to the aggravation of the fever. 

We shall afterwards speak of the important observations which 
Prof. Baooelli has made as regards the effect of quinine on the 
*^1irM*1 parasiies. 

§ 1 1. Colin,^ who made his observations in Borne, draws a clear 
distinction between the group of sammer fevers and the other 

1 L. Coliii, 'Tnut^ des fi^rres intermittentes,' Paris, Bailli^re, 187a 
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malarial fevers. However (and it is certainly for want of exact 
thermometrical observations), he doea not at all recognise the 
intermittent coarse of these fevers in the majority of cases ; 
indeed, he calls them remittent or simple continued fevers, convinced 
that their essential character is that of continuity. Anyone nho 
goes by the account given by the patients themselves, and takes 
their temperature only at long intervals during the twenty-four 
boors, is very liable to fall into this mistake. 

The following is Colin's description of this group of fevers : 

They begin, as determined by Mayer, about the 5th or 6th of 
July, reach their maximum as regards their number of victims 
towards the 20th of July, and then decline rapidly ; in September 
there are only isolated cases, while the intermittent fevers become 
extremely numerous. 

Aa a rule the symptoms are very uniform. Our author dis- 
tinguishes two forms — the gastric and the bilious. 

The clinical characteristics of these fevers are — 

ist. The inflammatory nature of their course. 

2nd. The intensity of pains in the loins, epigastrium, and 
head, — pains which, when taken together with the vomiting, the 
laboured respiration, the fiiished countenance, the injected con- 
junctivae, form a sum-total of symptoms analogous to those of the 
first period of yellow fever, »nd to an attack of severe smallpox. 

3rd. The frequent absence of initial shivering. 

4th. The intensity of the paroxysms does not surpass the 
limits of the evening exacerbations of the other fevers. 

This remittent fever is almost always initial, the fevers which 
are distinctly periodic follow on it. 

This remittent fever of Colin is in all probability our primary 
summer tertian; it is just the difficulty which so often occurs of 
recognising the type of this fever that leads the author to assert 
that the malarial fevers are not necessarily periodic. At the 
beginning of summer — indeed, after the first days of July — almost 
all the primary malarial infections belong to this sort of fever. 

As regards the malignant fevers Colin criticises Maillot's 
classification, which divides the malignant fevers according as 
their characteristic phenomena are related to one of the three 
great splanchnic cavities ; certain malignant fevers — as, for ex- 
ample, the algid fever, the sweating fever, &c. — it would, indeed, 
be difficult to put under this head. The author retains Torti's 
division of the malignant fevers into cnmitatm and soHtariae, 
and names these last the subcontinued or malignant remittent 
fevers. He mentions, however, that the same Torti, in giving 
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to these fevers the name of solitariss, did not mean to say that 
they presented none of the accidents which mark the comitatm, 
bat simply meant to point ont that the soUtaria fevers offered 
no " cachet esclnsif de pemiciositS ;'' that they had not^ like the 
oomitaim ieyerB, a more marked tendency to become '' coagii^ 
lative*^ or *^ colliquative/^ but that, on the contrary, they were 
liable to take indifferently, and with an almost equal tendency, 
the accidents peculiar to both the classes ('' coagulatives et 
colliqnatives ^') of the eomitatse fevers. He mentions also the 
observation of Puccinotti that the solitariaB fevers are attended 
very frequently by the symptoms of the eomitatse ; the name of 
eolitariss is therefore less happy than that of continued, sub- 
continned, and remittent — names which indicate the tendency 
as to the duration without excluding the contingency of malig« 
nant accidents. The malignant fevers which Colin observed are 
the comatose (apoplectic, soporose, lethargic), the delirious, the 
convulsive, the algid, the choleraic, the icteric (hsemorrhagic), 
the diaphoretic, the cardialgic, the syncopal, the summer solitarim 
or subcontinued, and the autumn solitariw or subcontinued. 

The existence of the dysenteric malignant fever, which Torti 
accepted, is denied by Colin, who maintains that it is a ques- 
tion of two diseases. Moreover, in the so-called pneumonic 
malignant fevers, it is a question, according to Colin, of pneu- 
monia real and proper, which takes an exceptionally severe course 
in those suffering from malaria. 

We will pass over Colin^s observations on the eomitatse 
malignant fevers, and give our attention to the clinical picture 
which he draws of the subcontinued fevers, of which he distin- 
guishes two forms. 

I. Summer subcontinued (ataxic, typhoid, typhoid remittent). 
This fever is developed at the time of the greatest heat; it 
may follow on attacks of intermittent fever, but it specially 
bills on those who are suffering from simple remittent fever. 
The length of the remittent fever is prolonged, the symptoms 
become aggravated, and the patient falls into a typhoid condition. 
In some of these cases the lesions are found at the autopsy to 
be those most characteristic of typhoid fever ; while in others the 
post-mortem examination shows nothing but the changes of 
the malignant fevers. There follow some examples in which, 
from the autopsy, the typhoid infection is clear, while there 
is no proof of the existence of malaria {e. g. see ' Ca^ xxiii, 
p. 274). In those cases in which lesions similar to those of 
typhoid are found in the intestines, the author denies that it 
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is a question of mixed infection; be takes it to be a, chan^ 
from malarial to typhoid infection. We give this opinion simply 
in order to justify ollr statement that we can neither use Colin's 
clinical description, nor the observations which he collected 
on this subject, in order to obtain the clinical representation of 
the malarial sabcontinued fever. Out of four cases reported by him 
three certainly belong to typhoid, as the autopsy demonstrated. 

2, Autumnal subcontinued fever. This is the subcontioued of 
the cachectic ; it comes on in individuals who have had, or are 
having, fevers clearly intermittent. It is a very long illness, 
and may last for five or six weeks. As the fever becomes con- 
tinued the serious symptoms appear, — hiemorrhage from the nose, 
nocturnal delirium, spasmodic motions of the tendons, hypostatic 
pneumonia, decubitus, and parotitis. At the autopsy the small 
intestine is found intact. Colin adduces one example alone of 
this sort of subcontinued fever. 

After this description it is donbtful whether it is a question of 
simple malarial infection in cases of this sort ; and it is more than 
probable that the mntinued J\ver is kept up by other affections 
(such as hypostatic pneumonia, parotitis, infection from bed- 
sores), which easily arise in cachectic persons. 

Colin's observations on the influence of the febrile type in pro- 
ducing the malignant fevers are also worth while mentioning. 
He notes the stress which the old writers laid on the tertian 
type ; even the subcontinued fevers were in Torti'a eyes trans- 
formed double tertians, " tertiana duplex per subintrantes acces- 
siones continua " (v, Mercurialis, Morton, Mercatu8,Torti). Colin, 
on the other band, saw the malignant symptoms set in for the 
most part in patients sufEering from quotidian or remittent fever. 
He explains the contradiction by taking account of the place 
and the subjects on whom his observations were made (foreigners, 
who for the most part displayed the primary types of fever 
— the quotidian and remittent) (?). According to Colin, the idea 
that the malignant fevers arose all of them from the tertiaji 
type was accepted by the authors of old time rather through 
scholastic tradition than through actual observation. 

In Algeria, also, the malignant fevers are most numerous in 
patients suffering from remittent or 2WS"f'o-continued fever ; they 
are less frequent among quotidian patients, and still less in the 
cases of tertian fever. The malignant fever, according to our 
author, is almost always continued. When a simple intermittent 
undergoes the transformation into a dangerous fever it loses, aa 
a rule, its intermittent type (p. 220). 
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We mention this opinion^ which is shared by many authors^ 
because onr own observations^ which we shall set forth^ demon- 
8trate> on the contrary^ the great importance of the tertian type ; 
we believe we are not mistaken when we affirm that the greater 
part of the maUgnant fevers have their origin in the type known 
as ** the summer or malignant tertian ;'' a type of fever which 
Colin and others^ through want of exact observation^ confounded 
with the remittent or continued fevers. 

§ 12. Now that many maintain the multiplicity of parasitic 
species or variety corresponding with the different types of fever, 
the transformation of these types becomes a question of interest. 
This is how Colin expresses himself on the matter. 

The transformations of the intermittent fevers are exceptional. 
As a rule, the patients who remain a long time in hospital present 
a series of paroxysms marked by a single and invariable rhythm; 
it is only later, after they have left, that these paroxysms may be 
replaced by another series with difFerent rhythm, whence another 
type of fever. 

In the cases where the change takes place under our eyes, 
this generally happens abruptly : thus a tertian turns usually 
into a quotidian, or vice versa. Colin never observed that pro- 
gressive change, spoken of by Griesinger, according to which the 
transformation from one type to another would be nothing but 
the consequence of a series of anticipating or postponing 
paroxysms. The remittent which follows an intermittent — this 
fever also always becomes confirmed suddenly, and without giving 
any sign of a progressive transformation ; the paroxysms are 
not anticipating, and consequently they do not become confused 
together, as might be the case in an intermittent fever. 

As a rule, the anticipating or postponing paroxysms are a sign 
of an approaching convalescence, and not of a change in the type. 

These observations are clearly in perfect agreement with the 
idea of the multiplicity of the malarial parasites. As regards the 
tertian being followed by the quotidian, it is now known that many 
so-called quotidians (even when the paroxysms come on at the same 
time, and the degree of fever, &c., is the same, and which, as far 
as can be seen from purely clinical observation, are in truth 
quotidians) are nothing but double tertians ; but they cannot be 
accurately recognised as such unless the blood be examined, and 
there be found in it the two generations of tertian parasites 
maturing at one day's interval. 

§ 13. The observations of Laveran,^ the discoverer of the para- 
' Lavoran, ' Tralte des fi^rres palnstres,' 1884. 
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site of malaria, controlled as they are by the examination of the 
blood, have more interest for us than the preceding ones of 
Colin. He divides the malarial fevers into intermittent and 
continued. As regards the frequency of the varions types of 
fever, and the season of the year in which they are most fre- 
qnently met with, he remarks as follows : 

The quotidian fever is the most usual clinical manifestation of 
malaria in Algeria ; the intermittent fevers — tertian and quartan 
— &ve according to his eKperience essentially fevers that have 
recurred (p. 216). The continued marsh fevers are seen only in the 
hot season: at this time the quotidian fevers are of the inter- 
mittents the most common ; on the other hand, during the cold 
Beason the continued fevers disappear while the tertians increase 
(p. 217). 

With respect to the fevers he calls continued marsh fevers, the 
principal facts determined by Laveran are the following : 

The majority of the continued fevers are seen in the months of 
July, August, September, and October {at Constantine). 

The causes of the continuity are probably — the external heat,' 
which has a marked effect on all fever patients — the sharp 
reaction which a first attack of marsh fever produces, especially 
in strong and full-blooded individuals. The continued fever 
hardly ever attacks the natives aud the old fever patients, but 
usually the people who have lately come to a swampy place 
(Annealy, Griesinger, Colin) — The intensity itself of the marsh 
infection. 

The quotidian fever is the most common intermittent in hot 
countries, and it is seen to be almost exclusively the first form of 
fever that attacks people. The same causes which make the 
quotidian fever so frequent in hot countries may, it appears, 
produce the continued marsh fevers. To these causes we 
must add fatigue, alcoholic excesses, exposure to the sun, and 
neglect of treatment. With regard to the origin of these fevers, 
Laveran thinks with Dntroulau and Griesinger that the continued 
marsh fever is derived in a direct line from the intermittent 
quotidian ; if we suppose prolonged and subintrant paroxysms 
of fever, without the initial shivering, we get the continued fever. 
There are no natural boundaries between the intermittent fevers 
and the continued marsh fevers : the intermittent fevers with 
prolonged or subintrant paroxysms form a sort of neutral territory 
between the two, in such a way that it is necessary to draw an 

' And how about the subcontinued ferere in the advanced autumn P 
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artificial line, and say, for example, that the fever is continued 
when it lasts longer than forty-eight hours, and when the con- 
tinuity does not manifestly arise from the overlapping of quotidian 
paroxysms. 

The symptoms of the continued fevers are— Commencement 
for the most part without shivering ; constant headache, usually 
frontal, sometimes pains in the loins ; pangent heat ; tongae 
white and furred, or red and dry at the point ; burning thirst, 
complete anorexia, sometimes diarrhoea, more often constipation, 
frequent pains, either spontaneous or on pressure, in the spleen, 
which is slightly enlarged, but rarely to be felt on palpation ; 
frequent hsemorrhage from the nose; nervous symptoms like 
those in typhoid fever ; prostration and apathy, or else agitation, 
anxiety ; delirium at night. In some cases there are signs of 
congestion of the lungs or of bronchitis, in other cases bilious 
vomiting with a jaundiced or subjaundiced complexion. 

Left to themselves, these fevers may cause death ; or the fever 
may subside, and this usually from the eighth to the tenth day ; 
the continued fever may also be followed by an intermittent. If 
treated with quinine (24 — 32 grains as a dose) they seldom last 
longer than four or five days. 

As regards the febrile type, the continued fevers must be put 
among those that are atypical. The author has never observed 
the period of onset. During the coarse of the fever there are 
varieties in the temperature more or less great ; the evening 
temperatures are, as a rule, higher than those of the morning, 
but there are many exceptions. The subsidence is completed by 
crisis in twelve, twenty-four, or forty-eight hours. 

The parasites found in continued fevers, as in the primary 
quotidians, consist of bodies No. 2,^ which are the forms found 
most frequently in the blood ; and sometimes only bodies No. 2 
of small size are those almost exclusively met with. 

Hence it results that in this clinical description of the continued 
fevers which Laveran gave, and which we have recapitulated, we 
do not find those varieties of type which are met with in other 
writers, e. g. Colin ; those fevers of long continuance, which 
resist quinine, &c., which other authors tell us of, are no longer 
classed among the malarial fevers. The examination of the blood 
serves as a guide, and prevents mistakes in diagnosis which are 
otherwise easy. 

With reference to the intermittent fevers, we will only mention 
what Laveran says about the parasites. 

' Small, hyaline, mobile, frequently pigmented. — ^Ed. 
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According to this aathor, it is at the beginning of the paroxysoiB, 
and in the hours which precede their appearaDce, that the 
probability is the greatest of meetiog the parasitic elements in 
their most characteristic form. The existence of bodies No, 2, and 
of mobile filaments in sufficiently large numbers in a patient who 
has been without fever for a certain timoj allows one to be sure 
that the sufferer will soon have an attack. The examination of 
the blood of patients seized by intermittent fever for the first time 
often shows nothing but bodies No, 2 of medium or small size, 
either free or adhering to the blood- corpuscles. This author has 
several times in cases of this sort only met with bodies No. 2 of 
very minute size, not containing more than one or two granules of 
pigment. This author has not determined the differences between 
the parasitic elements of the blood in persons suffering from 
quotidian, tertian, and quartan fevei's. 

As regards the length of the febrile attacks, Laveran distin- 
guishes short attacks, from four to eight hours ; attacks of 
medium length, from eight to twelve hours; prolonged attacks, 
from twelve to twenty-four, and even thirty-six and forty hours. 
These prolonged attacks explaiu the mechanism of the subintrant 
paroxysms, each paroxysm necessarily beginning before the end 
of the one preceding it. 

The author gives three charts of intermittent quotidian, in 
which two paroxysms are joined together in such a way that there 
is no apyrexia between them. (This looks like the paroxysms of 
our summer tertian.) 

Laveran suggests no classification of the malignant fevers. 
He does not consider them malignant fevers properly so called, 
forming, so to say, a clinical species in themselves, but simply 
accidents, complications of the ordinary marsh fevers. 

§ 14, Sternberg' brings together all the malarial fevers, which 
are not clearly intermittent, in his chapter on the remiWeni /euerg, 
which in the United States attain their maximum frequency in 
August. He distinguishes various forms. 

1. A simple remittent malarial fever. This is a fever with 
paroxysms of malarial origin, differing from the intermittent 
because the attack is more prolonged, is not followed by 
complete apyrexia, and the cold stage is for the most part badly 
defined or entirely absent. In severe cases there are frequently 
symptoms of gastric irritability and bilious vomiting. He gives 
cases of remittent quotidian, double tertian, and irregular tertian 
(pp. 211, 333, et seq.). 

' G. M. Sternberg. ' Malaria and Malanal Diaeasea,' 1SS4. 
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2. ''Ardent malarial fever'' (p. 237). This is a fever more 
continued than remittent in type ; it prevails in the tropics^ 
bat also in subtropical climates^ and in the southern temperate 
zone daring the hottest time of year ; it attacks^ by preference^ 
strangers not yet acclimatised. It is Colin's " fi^vre inflammatoire.'' 

3. Adynamic remittent fever (p. 250). This is not a distinct 
form of malarial remittent fever^ but for convenience of descrip- 
tion the author classes under this name a series of cases which^ 
instead of yielding to the treatment in the usual time or ending in 
a simple intermittent fever, linger on with adynamic symptoms 
accompanied by more or less fever of an irregular character. 
Synonyms are *' typhoid remittent fever/' '' summer subcontinued 
fever." 

Under this head are included Colin's summer and autumn 
subcontinued fevers^ with regard to the malarial nature of which 
we have reasons for raising doubts. 

4. Malignant remittent fever (p. 264). Under this name the 
author groups a largQ number of malignant fevers where the 
fever is remittent and the symptoms like those in Torti's 
" comitatsd " fevers. 

5. Complicated remittent fever (p. 280) ; this may have cere- 
bral, gastric^ or enteric complications. 

§ 15. Kelsch and Kiener^ keep Torti's division of the malignant 
fevers into '^ solitarise " and '' comitatas/' and make use of the 
same division also for the non-malignant fevers — puttings for 
example^ the "simple fever" among the " solitariaB." Kelsch 
and Eiener's classification is as follows : 

" Solitariffi " ( Simple fever. 
oouian» 1 (jastro-bilious fever. 



fevers 

" ComitatsB '' 
fevers 



C Adynamic typhoid fever. 

r ist group, characterised by cerebral symptoms. 

< 2nd „ „ gastro-intestinal symptoms. 

C3rd „ „ dissolution of the blood. 



" Solitarise " fevers,— iQt. Simple marsh fevers. 

These are intermittent or remittent fevers which are not 
accompanied^ at any rate in a noteworthy degree, by any of the 
other morbid symptoms characteristic of malaria (p. 346). These 
fevers correspond to a milder degree of poisonous infection. 

The remittent fever consists of periods of fever more or less 
long, and of intermissions more or less incomplete, which are not 
in their succession subordinate to a regular and sustained type. 
These periods of fever, which may last for five or six days, are 

> ' Traits des maladies des pays cbaods/ 1. B. Baillih*e, 1884. 
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composed either of a single prolonged attack or else of several 
guhintra7it attacks (p. 439). 

In the prolonged attack the fever may keep above 104° F. fop 
thirtj-six hours and more, but if the paroxysm lasts longer than 
forty-eight hours the fever usually shows a slight remission in 
the morning, and a return in the evening, as in the continued 
fevers. 

The fever is remittent through subintrant paroxymna, when one 
paroxysm begins before the close of the preceding, and this may 
happen either hy approximation of the paroxysms or by their pro- 
Imigation. This last cause is more usual (p. 440). 

The approximation of the paroxysms, which Torti looked upon 
as the ordinary condition of continuity in the periodic fevers, and 
which Baccelli regards as pre-eminently the type of malignancy, 
is, according to these writers, in reality exceptional (p. 441}. 

2ud. Bilious and gastric fevers. 

These are the fevers which prevail in the epidemic outburst 
which occurs every year at the return of the hot season. The 
predominating symptoms are due to functional disorder of the 
liver and gastro-intestinal derangement {pp. 449, 450). They 
may take the tertian, quotidian, or remittent type ; this last is 
the most comuion. 

The symptoms are pain in the epigastrium, bilious vomiting, 
diarrhcea ; the region of the liver probably painful on pressure ; 
complexion jaundiced or subjaundiced ; the nrine highly coloured, 
especially with urobilin ; albuminuria frequent, but scanty and 
transitory ; hemorrhage from the nose ; headache, &c. 

Our authors insist on the excess of bile existing in these fevers, 
and explain by it the jaundice (h^mo-hepatogenic jaundice) . But 
by this excess of bile they cannot explain the gastro-intestinal 
disturbances which may be co-existent with but a trifling degree 
of excess of bile. In cases of malignant fever accompanied by 
serious gastro-intestinal symptoms (vomiting, diarrhcea) they 
have found a subinflammatory condition of the omentum and the 
intestinal mucous membrane : these membranes were infiltrated 
by lencocytea and granules of pigment (p. 466). 

3rd. Dangerous " solitariBe " fevers — typhoid and adynamic 
(p. 467). These fevers differ from the "comitatte; " they give 
us, so to speak, the general outline of the clinical picture, the 
various details of which are presented by the " comitatte " fevers. 
All the poisonous effects of malaria meet together here, but no 
single effect ia represented in its full strength. (See Tortij 
Malignant subcontinued fever.) 



1 
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(a) Typhoid remittent fever, — In the majority of cases the 
typhoid symptoms become pronounced from the third to the sixth 
day. Stupor, deUrium, cardiac weakness, meteorism of the abdo- 
men, dry mucous membranes, and signs of pulmonary hypostasis. 
When death is imminent, the stupor passes into coma, the 
adynamic condition is intensified^ &c., or else there suddenly 
supervenes (so our authors say) a malignant paroxysm^ ftlgid, con- 
Tulsiye, &c. (A temperature chart which they give resembles 
that of our malignant tertian, p. 471.) 

(b) Adynamic remittent fever. — This is the most serious of the 
" solitarisd '' fevers. It corresponds to Golin's autumnal subcon- 
tinued fever (pp. 472-6). Instead of having a comatose 
malignant paroxysm, its development is gradual ; '' it lasts a 
long time, the suspension of the cerebral functions is incomplete, 
and there is the co-existence of other symptoms^ such as pro- 
found ansdmia, jaundice^ collapsed temperatures, cardiac weak- 
ness, &c.'' 

The anasmia is always pronounced, and there is frequently 
hsBmoglobinuria (as also in the typhoid remittent fever), bilious- 
ness, jaundice, &c. 

The temperature of the axilla is usually not very high, and, as 
a rule, it varies between 99*6^ and 101*2^ F. In the intermissions, 
which may become prolonged, it has a tendency to drop below 
the normal height, and varies between 96^ and 98*6^ F. The 
tendency to depressed temperatures is characteristic of this species 
of fever. 

The typohid condition and the adynamic condition correspond 
to the two degrees of gravity which the infection shows. 

The typhoid condition, according to our authors, should not be 
regarded as due to a specific property of the marsh poison. It is 
found in the same way in other acute infections. Perhaps it is 
caused by the retention in the system of the poisonous products 
formed by the retrograde metamorphosis of the tissues (as Bobin 
tried to establish for typhoid fever) ; perhaps by a secondary 
Section through intestinal products (see Bouchard, p. 483). 

In the adynamic state two factors must be taken into conside- 
^tion : first, the depressing action of the marsh poison on the 
nervous centres : second, the anaamia, which acts in the same way, 
^d^ moreover, produces collapse temperatures and impending syn- 
cope. 

Complicated fevers y " comitatss " (pp. 485 — 514). — The cerebral 
complicated are the most frequent; in point of frequency they 
come immediately after the dangerous ''simple malignant'' fevers, 
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with which in other respects they ore connected very frequently 
indeed. 

Oar authors bring together under the heading of algid forma^ 

The cardialgic parosyam , 

The choleraic paroxysm. 

The dysenteric paroxysm. 

The diaphoretic and syncopal paroxysm. 
The algid condition, one of the manifestations of marsh 
infection, is only a secondary phenomenon which may depend 
on manifold conditions, especially on a morbid determination 
to the gastro-intestinal canal, on the weakening of the cardiac 
function, or on depressed temperatures following on dangerous 
fevers. 

^ i6. Schellong' divides the diseases of malarial infection, as 
observed by him in Kaiser- Wil helm's Land (New Guinea, East 
Indian Archipelago), in the following way : 

1. Malarial infection with fever, (a) Intermittent fevers; (6) 
continued or remittent fevers without type ; (c) bilious hfematuric 
fever; (rf) malarial coma. 

2. Malarial infection without fever. (Malarial aneemia, malarial 
cachexia, malarial nenroses.) 

In the region where Schellong practised, as is general in the 
tropics (Hirscb), the quotidian type of the intermittent fevers 
prevails. 

The paroxysms last, as a rule, for six or eight hours, and tend 
to become anticipating : badly marked intermissions, and disparity 
between the length of the paroxysms and that of the intervals are 
often fonnd ; and the shivering, which generally indicates the 
typical course of the fever, is frequently wanting. 

Such atypic fevers, continued or remittent, or of mixed 
character, are distinguished by this, that the febrile rise or the 
decline of the fever, or both these, occur so leisurely that there 
are no intervals, but simple remittencea ; or else the fever has at 
the beginning or end, or during its whole course, a continued 
character, while the symptomatology corresponds to that of the 
ordinary intermittent fevers. These fevers, as a rule, last a week. 
They are found more frequently when the malarial epidemic is at 
its height. The symptomatology is in some cases mild, in others 
severe, and in others so severe that death ensues : in these the 
gastro- enteric affections are frequent, as well as states of stupor, 
&c. In these fevers the shivering is often wanting, and there is 
I 'Die Malaria Krankheiten in Kaiaer-Willielin'a Land' (New Guinea), 
Berlin, 1S90. 
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10 distinct enlargement of the spl,een. It is the Europeans who 
ire more frequently attacked by them. Quinine has no great 
rffect on their course. 

The hasmorrhagic bilious malarial form is marked by acute 
jaundice and hsdmoglobinuria ; it is a very dangerous form^ and 
ienotes serious infection. The patients had previously been 
attacked by fever, and had not made a sufficient use of quinine. 
Schellong rejects the distinction between the jaundiced form 
uid the hsdmoglobinuric form ; he describes at length the chemical 
and microscopic changes in the urine^ and sets forth the following 
data on which to base the diagnosis : — (a) after various attacks of 
intermittent fever have been passed through^ the disease com- 
mences with severe shivering ; (b) decided enlargement of the 
spleen and liver ; (c) acute universal jaundice ; {d) want of cor- 
respondence between the pulse and the temperature^ so that the 
latter is even normal while the former is increased in frequency ; 
{e) violent gastro-intestinal disturbance ; (/) nervous agitation of 
the sufferers and sense of oppression on the chest. Death may 
be accompanied by ursBmic phenomena. 

The malarial coma is the most serious malignant form. Of 
the nine cases observed by Schellong seven had a fatal issue. 
This is a state of '' collapse *' not dependent on the fever or on the 
failure of the vital forces, or on complications, but it is the ex- 
pression of the predominating influence of the malarial poison over 
the nervous centres. The author classes under this head other forms 
of malignant fever (eclamptic, tetanic, delirious, sweating, &c.). 
The disease may run its course without fever, or with fever in 
different degrees, — sometimes intermittent, sometimes atypic. The 
unconsciousness is sometimes complete, sometimes not. Of the 
Teflez actions, that of the cornea is usually preserved. The coma 
supervenes at one time at the beginning, at another time during 
the course of the disease. Quinine given in repeated doses of 
24 grains has but little influence, either on the cerebral pheno- 
mena or on the course of the temperature, according to Schellong. 
§ 17. The principal object of the researches which have been 
published during the last few years with reference to this group of 
ferers is the study of the biology of the parasite in relation to 
the development of the type of fever, but the opinions and 
obeervations of the various writers are to a large extent contra- 
dictory. Above all, these fevers have been named in different 
^ys, either from the point of view of their clinical course. 
Of from that of the parasitic variety which produces them ; 
kence they have been called ^* fevers caused by the falciform 
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hsematozoon, irregular fevers, intermittent fevers of inconstant I 
type" (Golgi). 

These names contain all of them, in our opinion, a false con- 
ception, as much with reference to the clinical course of these 
fevers as with regard to the biology of the parasite which pro- 
duces them. We will now give the clinical characteristics of 
these fevers as they should be according to the different investi- 
gators. According to Golgi ^ there belong to this class many 
intermittent fevers of inconstant type, and not only the fevers 
which are intermittent at long intervals, but also many fevers 
with short intervals, as well as some quotidians, and even some 
subcontinued fevers and subintrant qnotidians. Canalis * follows 
Golgi's view; the fevers of this group (he says) are for the most 
part irregular, quotidian, subcontinued, subintrant, and fevers with 
long intervals. Also Antolisei and Angelini admit that they have 
been unable to trace in these fevers a noticeable rhythm. " This 
variety of parasite " (they say) " gives rise to a coarse of fever 
BO varied that it is impossible to tell from any of our thermo- 
graphic charts how long the parasite requires to pass from the 
initial amccba phase to the final phase of spomlation ; one cannot 
trace any rhythmic course in the fever." Sakharoff * has lately 
described a parasite " of the irregular malarial fevers," thinking 
that he was depicting a new variety of the malarial parasite ; but 
it is clearly a question of the same parasite which has already been 
studied in Borne, a3 is manifest from the description and from 
the photographs which illustrate it. And these fevers which he 
calls irregular are the sanae fevers which have already been 
described here, and marked off in a gronp, under the name of 
the summer-autumn fevers. 

In all these researches tbere prevails, then, the idea of the 
irregularity of these fevers, and consequently of the uncertainty 
with which the parasite which causes them must complete its 
cycle of development. On tbe other hand, Marchiafava and Celli, 
as well in their preliminary monograph as in their extended 
work on this group of fevers, which they have been the first to 
clearly define, do not arrive at this conception ; but, recognising 
indeed that these fevers are not clearly periodic, they trace in 
them the quotidian type, which is distinct through the tendency 
of the paroxysms to become prolonged and to approximate to 

I ■ Arefa. per le Bcienze mediche,' 1890. 
»Ibid. 

* " Becberchea Bur le parasite des fievres irregulierea," ' Aunalea de Tin- 
Btitut Pasteur,' No. 7, 1891. 
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each other^ whence sometimes the fever becomes really continued^ 
and they trace the parasite's biological cycle in correspondence with 
the paroxysm. 

Such ideas haying been expressed with regard to the clinical 
type of these fevers^ it is natural that the way of considering 
and of constracting the biological cycle of the parasite should 
vary with the different investigators^ for the one thing cannot be 
separated from the other ; it is natural that he who believes the 
fevers to be irregular or taking place at long intervals should take 
a different view of the parasite's biology from the man who has 
quite another conception. But we shall return to this later on. 

The existence of such contradictory opinions has convinced us 
of the need of a new series of observations with a view to deter- 
mining the type^ or the fundamental clinical types^ of these 
fevers^ and starting from these^ the origin of the complex fevers^ 
the subcontinued, the subintrant^ &c.^ and at the same time to 
investigate the life cycle of the parasite side by side with the 
clinical course^ for these two kinds of research cannot possibly be 
separated^ but must necessarily proceed pari passu. We were, in 
fact, persuaded that the irregularity in this group of fevers was 
only apparent, lay simply on the surface, and concealed a regularity 
which it was difficult to detect. 

To the above quotations from authors we might add what has 
been published by many others, did it not appear to us useless to 
mention the results of observations which, to a large extent, are 
not original, nor different from those we have already noticed, 
except in the way of grouping the facts, or in the classification 
of the fevers, &c. 

The result of this long disquisition is that, in our opinion, the 
most recent analytical researches represent above all a work of 
delimitation and of elimination. We are especially led to adopt 
this view when we study what has been written by even recent 
authors concerning the dangerous malarial fevers, and above all 
the subcontinued (subcontinua) , whether remittent or continued, 
without having their guide in the examination of the blood. 
When we compare their statements with what has been observed 
by men who have studied not only the clinical course of the fevers, 
but, in addition, the search for, and the biology of the parasite, 
up to only a short time ago, we could with justice repeat Dutroulau's 
words, " These fevers are a chaos.'' But those clinical types of sub- 
continued or remittent fever, as one may say, which deviate so far 
from the common forms of malarial fever in their course, and in their 
behaviour when treated with the salts of quinine, &c. — as, for 
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inBtance^ the Bubcontinaed described by Colin^ the so-called 
typbo-malarial fevers^ Sternberg's adynamic remittent^ many of 
Schellong's remittent^ &o,, — ^tliese clinical forms no longer appear 
in the recent descriptions of those who have taken the examination 
of the blood as their sure guide. Hence the progp*ess now made^ 
lies essentially^ not in the increase of the number of clinical pic- 
tures of malaria^ but in the elimination — ^guided by the exami- 
nation of the blood— of all those forms which the insufficiency 
of means for diagnosis has led many authors^ and leads even 
recent writers^ to attribute to this infection. 

We now come to the description of the results of our own 
observations on the clinical course^ and on the parasites of the 
summer-autumn fevers, which we divide, according to the type, 
into quotidian and tertian.^ 

* We tender our best thanks to Dr. A. Ballon for having received us with 
such courtesy in the Hospital of S. Spirito, and to Dr. Giolio Bastianelli for 
liis kindness in placing at our disposal, for purposes of study, the patients in 
his wards. 



CHAPTER IV. 

THB QUOTIDIAN FEVEB. 

Clinical eourae of the sunvmer quotidian; mild qtiotidian and 
malignant quotidian — Different ways in which the curve of the 
quotidian becomes irregular — Different ways in which the 
quotidian gives rise to the subcontinued infections — Regularity 
of the quotidian type in the relapses of this fever — ^Amoeba 
febris quotidiansB ; biological and morphological characteristics 
— Changes in the invaded red blood-corpv^cles — Spore formation, 
normal and premature — Pyrogenic cycle of the amoeba in 
relation to the development and succession of the febrile attacks 
— Condition of the blood in the irregular quotidians — iTistances 
of irregular quotidian, 

§i8. The summer quotidian^ which we distinguish from the quo- 
tidian of tertian and quartan origin^ of which we have already 
spoken^ may have a very regular course^ so that the paroxysms 
resemble each other in the hour of their onsets in their lengthy in 
the degree of temperature^ and in the symptoms which accom- 
pany them. 

In the typical quotidian the attack is usually shorty lasting for 
six or eighty rarely for twelve hours^ and is caused by a single rise 
in the temperature without any noticeable oscillations ; it is often 
preceded by a slight elevation of temperature not much above 
98*6^ F. The rise is generally more rapid and abrupt than the 
&li of the fever, and as it passes off the temperature, as is 
well known, sinks very much, usually as far as 96*8^ F., and even 
lower. (See Chart I, tracing i.) 

The summer quotidian may be a very mild fever, and even 
get well spontaneously ; or it may be nifalignant. The malig- 
nant fevers, as well as the subcontinued, we shall consider in the 
sequel. As for the very mild forms, they seldom show a perfectly 
regular curve ; the paroxysms are for the most part postponing, 
even for some hours, and as they get weaker they become simply 
slight rises of temperature. On the other hand, when the 
fever becomes aggravated, the attacks approximate to each 
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other, and are bo prolonged tliat they join together. In the 
cases where the attacks are prolonged oscillations are seen in the 
chart, but are, however, of small importance. 

Spontaneous recovery happens for the most part as a conse- 
quence of the paroxysms beooming weaker, and this may take place 
gradually and regularly; for these very mild infections are not 
always irregular, as we have already remarked, In some cases 
we notice that the intervals are prolonged, while the paroxyaroa 
become shorter, and the elevations in temperature less pro- 
nounced ; the highest point, however, of the elevations may 
occur every day at the same or almost the same time. But the 
paroxysms may cease spontaneously, even when, through their 
being prolonged and joining together, it would seem that the 
fever had a tendency to become aggravated. This is a counter- 
part to what may sometimes be seen in the common tertian ; in 
this, too, spontaneous recovery may take place after a final severe 
paroxysms. 

The most common reason why the quotidian loses its perfectly 
regular course lies in the fact that the intermissions are, as often 
happens, incomplete, only reaching to 99'6° or 1 00° F. ; and in the 
second place, because the attacks have a tendency to be prolonged, 
or to be anticipating or postponing. 

A course which tends to become subcontinued through the 
paroxysms being prolonged, and following close upon one another, 
may even take place after the administration of quinine ; there 
are coses in which, although the infection is mild, and correspond- 
ingly the paraaites are found in but very scanty numbers, the 
attacks are nevertheless prolonged, the intermissions incomplete, 
and, in addition, the resistance to the action of quinine remark- 
able, so that the prolongation and overlapping of the paroxysms 
is for the most part, but not always, a serious sign. On the 
other hand, even in the cases in which the paroxysms are quite 
distinct and regular, the infection may suddenly become aggra- 
vated, and that in spite of the action of quinine. 

When subcontinued fevers develop from quotidians, they do so 
in the majority of cases by the prolongation and coalescence of 
the paroxysms ; at the same time the quotidian type may remain 
clearly discernible in the charts of these cases, because the highest 
point of the fever takes place every day nearly at the same hour. 

The quotidian type is usually less distinct and regular in the 
original than in the relapsed infections. In the latter the quo- 
tidian type is kept either distinctly or less noticeably through one 
of the modifications above mentioned ; but not infrequently the 
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fever is snbcontinned in the original infection^ and becomes an 
intermittent quotidian as it relapses or when it recurs. 

§ 19. The quotidian is a fever dependent on the development of an 
amoeba, the life cycle of which is completed in ahout twenty-fov/r 
hours. 

Marchiafava and Gelli have recently described the condition of 
the blood in the quotidian^ and to their description we now 
refer. 

If the blood be examined while the fever is high^ during a 
paroxysm^ we observe the presence of a greater or less number of 
red corpuscles containing one or more plasmodia [i]/ with very 
lively amoeboid movement. The same state of things is found in 
the sweating stage^ and in the first hours of the intermission. Be- 
sides the forms in motion^ which every moment are seen to take 
successively the strangest shapes, are noticed other motionless 
formSj discoid or annular in shape. The discoid forms have the 
appearance of hyaline bodies, more transparent in the centre than 
at the circumference. The annular forms, enclosing a particle 
of red blood-corpuscle in their interior, have a bright appearance^ 
as if they were formed of a mass of protoplasm more solid than 
the former. From this annular, as well as from the discoid form, 
the parasite may return to that of amoeboid movements, or it may 
also show simple movements of expansion and contraction. The 
forms which are in amoeboid motion never pass with their pseudo- 
podia beyond the edge of the red blood-corpuscle, in which they 
may be seen, as it were, to swim, and dip down more or less into 
its substance, in such a way as to become at various moments 
less or more accessible to view. During the intermissions the 
Plasmodia change; they develop and become pigmented, while 
their mobility tends to decrease. In this way they turn into 
bodies endowed with sluggish motion, with very fine granules 
of pigment at the circumference, to see which sometimes requires 
careful observation ; or else they become motionless forms, 
of equal smallness, containing one or more particles of hsemo- 
globin, which, while they are being observed, may be seen to 
divide into granules and become black. Following on this, the 
pigment which was at first at the circumference collects together 
at the centre of the parasite's body in a little heap, or in a mass 
of granules. These forms with pigment at the centre (or it may 
also be collected at an eccentric point in their mass) are larger 
than the preceding forms, and are round and motionless; and 

^ This number within brackets, and others to follow, refer to the numbers 
in the Appendices. — Ed. 
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Bometimes one sees accumulated round them all the remaining 
hfiemoglobin of the red blood -corpuscle, the circumference of which 
remains discoloured. 

As the parasite develops in this way, many of the red 
corpuscles which contain it undergo a radical change ; they 
shrivel up and contract (to as much as a third of their normal 
size), and become in colour like old brass (Marchiafava and Celli 
call these red corpuscles "ottonati," i.e. brassy, for shortness' 
sake) ; this alteration may be explained as an acute necrosis of 
the blood-corpuscle dependent on the invasion of the amoeba. 

When the forms just described are found in the blood, it may 
be predicted with certainty that a new attack is imminent, eoin- 
ciding wtlh the coming to maturity of a generation of paragitet. 
Indeed, although in the blood of the finger we do not find, except 
very rarely, forms of fission, nevertheless from the adult forma 
seen in it (plasmodia with granular pigment, and corpuscles 
with the pigment collected at the centre) one may infer with 
certainty that the Jia»ion is j-ust taking place in the internal organs. 
This law is proved by examination of the blood taken from the 
spleen during life, and by examination of the parasitic contents 
of the various organs after death in cases of malignant infection [2] , 

The forms which precede the fission are the corpuscles as 
described, with pigment in the centre, or collected eccentrically 
iu a small heap, or in a mass of granules, which are sometimes in 
lively oscillatory motion. Around these, by a process analogous 
to that found in the quartan und tertian, the mass of the parasite 
divides itself into numerous ovoid or round spores, which give 
place to the forms represented in the figures. (See Plate I, figs. 
50—55-) 

Very rarely, in cases of malignant fever, the fission takes place 
prematurely, that is to say, before the parasite has become pig- 
mented, as we have observed especially in the capillaries of the 
brain, and sometimes also in the blood of the finger. 

When the paroxysm has commenced, the young plasmodia 
without pigment become again visible in the blood, they increase 
in number during the attack, and recommence their life cycle as 
described. 

This life cycle of the amoeba might be called a pyrogenic cycle, 
because it is directly connected with the development and sucoes- 
sion of the attacks of fever ; the forms of this cycle disappear 
when, through the administration of quinine, the fever ceases ; 
they reappear as it relapses. But to the same parasitic variety 
there belong other forma, the appearance of which does not stand 
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in direct relation to the onset of the febrile paroxysms ; these do 
not disappear^ or only do so slowly under the action of quinine^ 
and they continue in the intermission. They belong to the group of 
Laveran's crescent-shaped bodies (spindle-shaped, ovoid, true 
crescent-shaped, and round flagellated forms), which we shall 
discuss later on, after having explained the life cycle of the amoeba 
which is found in the summer-autumn tertian.^ 

§ 20. The pyrogenic cycle of the amoaba is in the typical quotidian 
completed regularly, as we have described. We wish to draw 
attention to the fact that there is usually no point in the clinical 
coarse of this fever which gives a negative result on examination 
(as may be the case in the summer tertian). At the beginning of 
the paroxysm it is the adult forms that are found, as we have said 
(plasmodia with pigment in fine granules at the circumference 
or at the centre, and similar forms in the so-called brassy red blood- 
corpuscles) ; but before these f ormcf have entirely disappeared, 
there already appears in the blood — at the commencement of the 
attack — ^the new generation (amoeboid plasmodia without pigment), 
while in the summer tertian the young forms usually show them- 
selves, as we shall see, only when the attack is in an advanced state. 

When the course of the fever deviates from the typical form, 
it becomes then more difficult to follow the parasites in their 
development. 

Thus if the quotidian tends to become irregular through 
anticipating or postponing paroxysms, the examination of the blood 
yields more complex results. At every moment of the fever's 
course one finds parasites in different degrees of development : 
those forms, however, which are found in the particular moment of 
development which corresponds to the phase of the paroxysm 
are by &r the most numerous ; that is to say, some hours before 
and at the beginning of the attack the plasmodia with granular 
pigment, in red corpuscles either normal or brassy (*' ottonati *'), 
prevail, and when the attack has advanced the young plasmodia 
without pigment, . . . &c., are in the majority. A group 
of parasites in comparatively small numbers, which are a little 
behind or a little in advance in their evolution, determines the 
irregularity of the curve. 

When the paroxysms are so far prolonged that no intermediate 
apyrexia is left, the succession of the forms is found to be the 

' We shall speak also in the sequel of the action of quinine on this 
tariety of amoeba, and we shall set forth minutely the characteristics by 
which the differential diagnosis between this and the other parasitic varie- 
ties may be made. 
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sams as ia Been in the typical quotidian, because in this case 
also there may be in the blood one generation of parasites 

alone. 

We have said that in the quotidian there is, as a rule, no 
point in the course ot the disease when we get a negative result, 
as may happen in the tertian. An exception to this rule ia 
formed by the very mild qnofcidians, where examination may give 
an extremely meagre result ; and in some cases also for long 
intervals, e. g. twenty-four hours, the results may be completely 
negative ; but yet in the periods when no parasites are found it 
may happen pigmenttd leticocyi.es are seen, though in very acanty 
numbers. 

When spontaneous recovery happens the parasites grow very 
scarce in the later attacks, and they may be entirely wanting in 
the last abortive ones. In other cases, with the same conditions, 
the amceboid forms are replaced by the forms of the crescent- 
shaped phase. 

^ 21. It seems to us unnecessary to give at length instances of 
typical quotidian ; we should have to repeat, as far as regards all 
about the finding of the parasites, what we have said before on the 
life cycle of the amoeba. We prefer to give some examples of the 
quotidian which is irregular.' 

Case i." — Morani F — , 33 years old, took fever near Salerno 
on 2nd August; had it for nine days without intermission (?}. 
After seven or eight days of apyrexia he had again two days of 
fever, which was cut short by quinine ; then he became free from 
fever until the present. On the evening of the yth September he 
was seized with headache, which lasted during the night. On the 
morning of the Sth he seemed dazed, and in the afternoon the 
fever became high. On the morning of the 9th there was an inter- 
mission and great weakness. 

September 9th. — 4 p.m., 101°. 8 p.m., io4'4° 12 p.m., 
io3'6° F. 3 p.m., blood : moderate number of discoid plasmodia, 
annular and mobile, diaphanous, all with small granules of pig- 
ment at the circumference, some in brassy ("ottonati") blood- 
corpusclea. 4 p.m., blood : coudition as above, plus some Plas- 
modia without pigment, very full of motion, and young. 

10th. — In the morning the patient says he feels pretty well. 

4 a.m., temp. ioo'8°. 7.30 a.m., 99'8°. 12 noon, 10 1 -3°. 4 p.m., 

i04"7°. ^ p.m., 998°. 12 p.m., 97'6° F. g a.m., blood : a few 

Plasmodia with granular pigment, discoid, annular, and mobile. 

' See Chart 1, tracings 2, 3, and 4. 

' See Cliart I, tracing 3. 
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A very few yoanger forms. lo a.m., blood : condition as above. 

3 p.m., vomiting. Blood : a few yoong annnlar forms without 
pigment. 4.15 p.m., blood: nomerons plasmodia without pig- 
ment, annular, mobile, and discoid. One free specimen with 
segmentation. White pigmented blood-corpuscles. 5.30 p.m., 
bimuriate of quinine, 24 grains, by hypodermic injection. 

nth. — ^4 a.m., temp. 96*8°. 7.30 a.m., 97*2°. 12 noon, 98®. 

4 p.m., 98^. 8 p.m., 100^. 12 p.m., 98*6° F. 8 a.m., condition 
good ; sulphate of quinine, 16 grains, by the mouth. 8.45 a.m., 
blood : several discoid plasmodia, annular and mobile, without 
pigment. Some in brassy ('' ottonati '') globules. White pig- 
mented blood-corpuscles. 

1 2th. — ^Without fever ; condition good. 9 a.m., blood : a very 
few Plasmodia without pigment and annular. Some white cor- 
puscles with granules and little masses of pigment. 

13th. — Complete apyrezia. Blood : result of examination 
negative. 

14th and 15th. — ^Nothing noticeable. 

1 6th. — ^About I p.m. patient feeling distressed, then slight 
shivering of short duration, temperature rising rapidly. 3 p.m., 
temp. 104°. 4 p.m., 103*6^. 8 p.m., io2'6°. 12 p.m., 101*4® F. 
Blood : several discoid plasmodia without pigment, annular and 
mobile. 

17th. — 4 a.m., temp. 99*6°. 7 a.m., 100*4°. 10 a.m., ioo'2°. 
12 noon, 101°. 4 p.m., 102*7°. 8 p.m., 104*8°. 12 p.m., 103*1° F. 
8*30 a.m., blood : moderate number of discoid plasmodia, annular 
and mobile, with granules of pigment. Some plasmodia without 
pigment. 9.30 a.m., blood : the same. 3.30 p.m., several plas- 
modia without pigment. Some still found with granules of pig- 
ment, the greater part of them in brassy {" ottonati **) corpuscles. 

i8th. — 4 a.m., temp. 100*4°. 7 a.m., 101*1°. 8.30 a.m., 101*3°. 
10.30 a.m., 101*8°. 12 noon, 102*2°. 4 p.m., 105*2°. 8 p.m., 
103*4°. 12 p.m., 101*4° F. 8.30 a.m., blood : a very few annnlar 
Plasmodia, rather small with grannies of pigment. 10.30 a.m., 
blood : the same. 3.30 p.m., blood: several plasmodia without 
pigment. A few white blood-corpuscles with small masses of 
pigment. 5 p.m., sulphate of quinine 32 grains by the mouth. 

19th. — Condition good. Sulphate of quinine 16 grains by the 
mouth. 9.30 a.m., blood : several plasmodia without pigment 
as well as some mobile forms. 

20th.— 9 a.m., sulphate of quinine 16 grains by the mouth. 
Blood : a very small number of crescent-shaped adult forms and 
ovoid bodies. The patient gains strength rapidly. 
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This is ft cane of qaotidian fever, in whtcb both in the primary 
infection and in the relapse the same febrile type is seen. The 
relapse oecnrred four days after the quinine was stopped. The 
quotidian paroiysms are prolonged in snch a way that the greatest 
decrease of temperature between two attacks keeps somewhere 
aboat ioo'4'' F, /( is a case of a eubintrant quotidian caused hy 
the prolongation of the parorytms. 

Ca8e 2.' — Nannie D — , 24 years old, robnst, has had malarial 
fever for nearly a year : has been in good health since September, 
1890. Twenty days ago he was seized with fever near 
Fiumicino, which lasted fonr or five days ; ha« been withont fever 
np to last night, when the fever began without shivering. Spleen 
becoming enlarged. 

August 30th, 1891, — 430 p.m., temp. 104°. 8 p.m., loi"!". 
12 p.m., 102*2'^ F. The patient complains of mascnlar pains in 
the calves of the legs and back ; the muscles of the base of the 
thomb are painful on pressure. 4 p.m., blood : moderate number 
of discoid plasmodia without pigment, annnlar and very mobile; 
some with very fine granules of pigment. 5 p.m., blood : the same. 

31st. — 4 a.m., temp. 97'5°. 8.30 a.m., 986°. 12 noon, 99"4°. 
4 p.m., io2"3°. 8 p.m., ioo-6°. 12 p.m., 98'7'' F. 8,30 a.m., 
blood : a few plasmodia, discoid and annular, with small grannies 
of pigment. 9.45 a.m., blood r the same. 3.30 p.m., the tem- 
perature has risen since midday, unaccompanied by shivering. 
Blood : several very young plasmodia without pigment, annular 
and discoid. A very few pigmented plasmodia in brassy {" otto- 
nati") corpuscles. 

September ist. — 8 a.m., temp. 98'6°. 12 noon, 98'2°. 4 p.m., 
ioo'4°. 8 p.m., 101°. 12 p.m., 98'2°. 9 a.m., condition good. 
Blood : a few annnlar plasmodia with granules o£ pigment. A 
very few pigmented white blood- corpnscles. 4 p.m., blood : the 
same. Some of the white blood-corpnscles contain small masses 
of pigment. 

2nd. — In the morning the examination of the blood givas a 
negative result. 5 p.m., a very small number of very young 
annnlar plasmodia, One form with granular pigment in a brassy 
{" ottonato ") red blood -corpuscle. In the night high fever. 

3rd. — In the early hours of the morning the temperature 
drops to I02"2° F., rises again in the afternoon. 9 a.m., blood : 
a few discoid and annular plasmodia with granules of pigment in 
red blood- corpuscles of normal appearance. 3.15 p.m., blood: 
plasmodia as above, only extremely few in nnmber (a single form 
' See Chart I, tracing 3. 
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in one preparation). 4 p.m., blood : a single yoang annular form 
without pigment in one preparation. 5 p.m.^ blood : the plas* 
modia without pigment increased in number^ but still very few. 
4th. — In the morning the patient is free from fever ; ezami* 
nation of the blood gives a negative result. Patient has a short 
and slight attack of fever in the evening and night. 

5th. — He feels pretty well. He has slight oscillations of 
temperature during the course of the day. In the blood there 
are a very few pigmented plasmodia. 

6th. — 4 a.m.^ temp. 98*6®. 7.30 a.m., 99®. 12 noon, lori®. 
4 p.m., 104°. 8 p.m., 102*2^. 12 p.m., loi^ F. At the highest 
point of the fever a very few plasmodia without pigment are 
found, discoid and transparent ; also some white pigmented blood- 
corpuscles. One crescent-shaped form. 

7th. — ^4 a.m., temp. 99°. 7.30 a.m., 98®. 12 noon, 99*7®. 
4 p.m«, i03"8^. 8 p.m., 102*2^ 12 p.m., ioi'5^. 8 a.m., 
headache. Blood : several discoid plasmodia, annular and 
moving slowly, generally without pigment and small in size. 
Others, a little larger, with pigment. A few crescent«shaped 
forms aod pigmented white blood-corpuscles. 2.30 p.m., blood : 
oonditiofii as above, but the plasmodia remarkably decreased in 
number. Headache intense. 4 p.m., blood : a very small number 
of pigmented plasmodia in brassy (" ottonati '*) red blood'COT' 
pudes. Also a very few plasmodia without figment, discoid 
and trmoMfmreat, A few crescent-shaped forms. 

81I1. — 4 a.ni., temp. I03'5®. 7.30 a.m., ioo'6^. 12 noon, 
103-3^. 4 pjD., 103*5^. 8 p.m., io2*2^. 12 p.m., 98'6^ F, 
8.30 ajB^ intense headache. Sulphate of quinine, 32 grains, by 
AeBonftk. 9.30 a.ni*, Uood : a few plasmodia withoat pigment, 
or widk very fine gnnoles of pigment, discoid and aooolar. A 
fev iiettitt shaped fnll-grown forms. 3 p.m., deprefimfjtu 
Bbod : a few plasmodia witboot pigment, aod some fnlUgrown 

5 p.m., sulphate of quinine, 32 grmm, by 




; free from fever. Blood : a very few 

in brassy C' ottonati '0 ^*^ hWA^ 
Ssnad and crcaeent-sliaped bodies dinvelled and 
The padenS eomtinnes to take quinine, 
is m tamt «i very mild irregnlar qoctidisn ; tbe attadks 
-wmbsmt ncnsment, milder for some days, and then tptu 
; ami m cfsrre&pGmSeoee with Urn we find that the 
IS £sac bat £ew in ^xsmher, that theoi tbey huttr^ae 
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Daring the last two days the fever, as shown by the chart, is con- 
tinued through the prolongation and conjunction of the quotidian 
paroxysms despite the administration of the remedy. (Continued 
quotidian through the prolongation and overlapping of paroxysms.) 

Case 3.^ — Abate P — ^ 30 years old, took fever in Calabria on 
August 2nd, when he had continued fever for three days. 
Sixteen days ago he came to the hospital with a relapse of fever 
(quotidian) . At present he has had quotidian fever for five days, 
accompanied by shivering, usually between 4 and 5 p.m. In the 
first attacks and in the first relapsing paroxysm he had no 
shivering at all. 

September 8th. — 4 p.m., temp. 104°. 8 p.m., 102*2°. 12 p.m., 
ioi'5° ^- 3 p*°i*9 blood: several plasmodia without pigment, 
discoid, annular, or shaped like small rods, and mobile. 

gth. — 4 a.m., temp. ioo'8°. 7 a.m., 98*8°. 12 noon, 102*2*^. 
4 p.m., 104*2°. 8 p.m., 103-5°. 12 p.m., 96*8° F. 8.30 a.m., 
blood : moderate number of discoid and annular plasmodia with 
grannies of pigment ; a very small number of younger forms ; a 
very few white blood-corpuscles with granular pigment. 10 a.m., 
blood : the same, plu4s plasmodia, with granules of pigment in 
brassy ('' ottonati '') corpuscles. 1 1 a.m., blood : the same ; the 
brassy (*' ottonati '^) red blood-corpuscles seem to be increased. 
3.30 p.m., a few plasmodia without pigment, mobile, annular, and 
discoid. 4.15 p.m., several plasmodia without pigment, mobile, 
annular, and discoid in different sizes ; white blood-corpuscles 
with small clusters of pigment. 

loth. — 4 a.m., temp. 99'9°. 7.30 a.m., 997°. 12 noon, 100*2°. 
4 p.m., 103*1°. 8 p.m., 102*2°. 12 p.m., ioo*6° P. In the morn- 
ing the patient feels pretty well. 9 a.m., blood : several discoid 
and annular plasmodia with grannies of pigment, some of them 
mobile ; the forms for the most part are rather small ; some are 
in brassy (" ottonati '*) red blood-corpuscles. (Some plasmodia 
appear not to be pigmented.) 10.30 a.m., blood: condition as 
above. 3 p.m., blood : several plasmodia, annular and very 
mobile, without pigment j some discoid forms of indistinct outline ; 
a very small number with little granules of pigment. 

I ith. — 4 a.m., 99*7°. 7 a.m., 99*9°. 12 noon, 104*6°. 4 p.m., 
102*8°. 8 p.m., 97*7°. 12 p.m., 99° P. 8.45 a.m., blood : mode- 
rate number of plasmodia without pigment, annular, discoid, and 
mobile. The discoid plasmodia with granules of pigment are 
larger than those seen at first ; the annular and mobile forms with 
pigment are in less numbers. On the whole the large pigmented 

^ See Chart I, tracing 4. 
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forms are more nameroas than the forms withont pigment. From 
9.30 a.m. till about noon^ shivering. 10.40 a.m.^ blood : small 
Plasmodia withont pigment^ mobile, a few annnlar, some in brassy 
{" ottonati ") red blood-corpnscles ; the annnlar and discoid 
Plasmodia with pigment larger. 2.30 p.m., blood : a considerable 
namber of plasmodia without pigment, discoid, annnlar, and 
mobile ; a few with fine grannies of pigment. There are also 
some rather large plasmodia without pigment. A few pigmented 
white blood-corpuscles. 4 p.m., blood : condition as above, phis 
a very few crescent-shaped forms. 5 p.m., bimnriate of quinine, 
24 grains, by hypodermic injection. 

12th. — Without fever. The patient feels pretty well. 9 a.m., 
blood : several plasmodia without pigment, as well as mobile 
forms, some of them in brassy (" ottonati '') red blood-corpuscles. 
A few pigmented plasmodia. The patient's temperature rises 
slightly during the night of September 12- 13th, and on the 14th 
he is quite free from fever. On September 15th, towards midday, 
he is taken with shivering and high fever. At the highest point 
of the fever, towards 3 p.m., a few plasmodia without pigment, 
together with some pigmented white blood-corpuscles and crescent- 
shaped forms are found in the blood. 6 p.m. : sulphate of 
quinine, 32 grains, by the mouth. The fever ceases in the night. 
The patient continoes to take quinine during the following days, 
and makes a rapid recovery. 

This is an example of irregular quotidian fever, in which the 
paroxysms differ in their gravity, and are anticipating (for in- 
stance, the third one) by a few hours. There is no complete 
intermission between the first paroxysms owing to their pro- 
longation, and also because of the fresh paroxysm anticipating (for 
instance, the third attack in connection with the second). On 
the administration of a single dose of quinine the relapse follows 
three days afterwards, during which time abortive attacks take 
place. The examination of the parasites gives a rather complex 
^tdt, seeing that it is the fonhs of a single generation 
which we always find predominant, although along with these 
there is often a less number of other forms which are a little 
forward or backward in development. 
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THE SUMMER-AUTUMN TEBTIAH. 

Typical curve of this fever — Differences between the curve ofthepat 
ysm in the mild tertian and the curve in the malignant tertian — 
Variations in the thermic curve of the paroxysm in the aumnier 
tertian — Prolonged paroxysms — Different ways in which the 
swmmer tertian becomes irregular ; (i) through modifications 
in the curve of the paroxysm ; (2) through modifications in the 
succession of the attacks — Amceba febris tertianae asstivo- 
autumnalis ; morphological and biological characteristics — The 
am(xba's life cycle at vairioua periods in the clinical course 
of the fever — Different ajrpearanees of the parasites during the 
paroxysm, and interpretation of the prolonged attack — State of 
the blood in the very mild tertians — Connection of the crescent- 
shaped forms with the clinical course of the disease, and patho- 
genic importance of this phase in the amieba's life — Relapses ' 
and recurrences' of fever (ricadute e recidive) — Examples of 
summer tertian. 



$ 22. Th» tertian type of the summer and autumn differs from 
tlie mild or spring tertian in the variety of the parasite ; but not 
only BO, it is different also in its clinical course, in its thermographic 
curve, in its tendency to become aggravated, and in the fact of 
the paroxysms approaching each other and becoming conjoined, so 
that in some cases we get a continuous febrile curve. In the sim- 
pler and more clearly intermittent cases the characteristics of the 
curve of fever are as follows : — It begins, as we find in all the mala- 
rial fevers, with an abrupt rise, usually to 104°F. or more ; then 
follows a period in which the thermic curve oscillates to an extent 
perhaps exceeding two degrees. The most important of these oscil- 
lations is the one which precedes the crisis {pre-critical elevation); 
in this one the temperature nsually reaches its maximum, and, as 
a rule, it comes after a remarkable fall in the fever, which is 
attended by a temporary improvement in all the symptoms. In 



a after montliR. — Ed. 
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Bome cases this decrease in the fever^ whicli is a forerunner of the 
terminal elevation, is so considerable that it may be mistaken for 
the real crisis by anyone who is not familiar with this characteristic 
featare of the fever as foand in the snmmer tertian (paeudo-crisis). 
Hence we may make the following distinctions : the invasion of 
the fever, a period of fever, with oscillations in the temperatare 
sometimes considerable, a paeudo-crisis, the pre-critieal elevation, 
and the crieis. The whole paroxysm is nsnally very long; it 
exceeds, as a rale, twenty-four hoars, and may last from thirty- 
six to forty hoars, so that the intermission between two attacks is 
not longer than from eight to ten hours ; and as the headache, the 
depression, and the gastric and intestinal distnrbances remain, the 
patients believe and assert that the fever has been continuous. 
This is in the cases which are typically regular, in which the 
regularity may be so great that the curves of two successive attacks 
are identical in the hour of the invasion, in the oscillations during 
the period of fever, in the symptoms which accompany the fever, 
&c. (See Chart I.) 

The differences in the fever curve between this form of 
tertian and the common tertian are conspicuous at once on exami- 
nation, and are clearly made evident by our charts (see tracings 5, 
6, 7, &c.)« They are of such a nature that, if we keep to the 
classical definition of the tertian, it is impossible for us to give 
this name to the carve of fever as described. As a matter of fact 
there is not, on the day that intervenes between one paroxysm and 
another, that j>6i/6c<a integritaa which is often found, but not always^ 
on the day free from fever in the common tertian ; the attacks 
are protracted over a great part of the day which lies between 
the end of one paroxysm and the beginning of the following, so 
that the day of complete intermission between the two attacks is 
wanting. But each attack commences every third day (a funda- 
mental characteristic of the tertian type), and is protracted into the 
following day : hence the summer-autumn tertian is nothing but 
a tertian with the paroxysms prolonged. 

We would observe, further, that the curve we have described 
may be called typical of the summer tertian, because it 
is found with its different characteristic stages as we have 

' According to Antolisei, it is no easy matter to find a case of pwre 
spring tertian, that is to say, one without any thermic change on the day of 
apyrexia. Antolisei mentions, in this connection, that out of the very 
numerous cases of tei*tian, the charts of which, giring the temperature every 
three hours, were collected in the ' Olinica Medica,' only four or five were pure 
tertian ("SuU' ematozoo della Terzana," 'Biforma Med.,' Gennaio, 1890). 
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Bet forth in these cases, which through their clinical conree, 
and through the regular succesaion of the parasitic forms in the 
blood, may be considered the simpltist. It may, however, happen 
that vie meet with a similar curve also in the common tertian, 
although under special conditions, and only by way of exception. 
Thus there has come nnder our notice a double spring tertian, 
in which the two paroxysnua, instead of following each other, 
us is the general rule, at an interval of about twenty-four boars, 
more or less, were bo approxiuiated to each other that they 
were incompletely conjoined ; in this way a curve was formed 
similar to that of a prolonged attack, with two very bigh eleva- 
tions of temperature, each of thera representing a tertian parox- 
ysm. But in this case the form of prolonged attack resalted 
from the blending of two paroxysms, and corresponded to the 
coming to maturity of two generations of parasites which were 
produced within a few hours of each other ; while the curve of the 
summer tertian, on the contrary, represents a aingle attack, and 
corresponds to the coming to maturity of a single generation of 
parasites, as we have determined.' So that we may affirm that the 
curve we have dsBcribed is a typical one fur the guinmer tertian [3] . 

When the paroxysm is developed according to the type de- 
scribed, with the different elevations in temperature as set down, 
the case is often a severe ooe : an aggravation of the clinical 
symptoms nsually coincides with the beginning of the paroxysm 
and the pre-critical elevation ; but, for tho most part, the distress, 
agitation, and depression of the patient, as well as the clouding 
over of the sensorinm, are at their maximum during the latter, 
and they have only an incomplete cessation daring the following 
brief intermission. The same curve may, however, take place 
also in mild infections, where there is the same prolonged parox- 
ysm, the same pre-critical elevation, &c. This form, then, of the 
thermic curve is connected with the development of the parasite, 
not necessarily with the fact of the infection taking a serious 
turn, although in the majority of cases there is the tendency to a 
progressive aggravation. 

In the typical attack the initial and the pre-critical elevations 
may be alike in intensity ; but in other cases, while the initial 
elevation reaches the ordinary degree of fever temperature 
as found in these diseases (i. e. 104° — 104"9°), the pre-critical 
elevation may touch hyperpyretiC temperatures {e.g. 106 '7°, and 
even i07*6° F., in the axilla) . When the pre-critical elevation is 
as high as this, it may be preceded by a sensation of cold or even 
' See preliminary note, 'Rif. Med.,' No. 217, 189 
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by BhiYering, wbile the psendo-crisis which goes before may be 
acoompaaied by sweatings which is nsnally moderate in amount. 

The form of the paroxysm, and the complex carve resalting 
from the succession of the attacks, may vary in many different 
ways in the summer tertian. Thus it may happen that the 
initial elevation is wanting, or is but very little marked, so that 
its own individuality is lost, and it becomes mixed up with the 
rest of the fever curve. In the same way the pre-critical 
elevation may be wanting, or may be scarcely noticeable, so that 
the curve of the paroxysm, through the disappearance of the dif- 
ferent oscillations, tends to become continuous, especially when 
the attack is relatively short. Furthermore, the fall in the 
temperature which follows the initial elevation may be so con- 
siderable as to almost reach normal ; for the most part, however, 
the temperature keeps above 100*4^ F. In cases like this the 
individuality of the attack is almost lost ; we seem to have to do 
with two attacks, while in reality there is but one, as is shown by 
the study of the parasite's cycle of life. A fact of this sort 
occurs mostly in the very mild summer tertians, which, as we 
have said, are only rarely met with. In these cases the oscilla- 
tioDS of temperature daring the attacks are usually very marked, 
80 that the individuality of the paroxysm is almost lost. At first 
sight the curve seems to be composed of quotidian attacks, brought 
together by two and two ; but while what we find in the blood 
clearly shows the tertian origin of this irregular curve, when we 
come to look into it, we discover that the tertian origin is also 
demonstrated by the fact that every third day there is a complete 
intermission, while on the intermediate day the temperature 
hardly falls to 98*6° F., and that only for a short time, or else it 
remains somewhat above this. In spite of the pronounced pseudo- 
crisis, the individuality of the paroxysm can still be perfectly well 
recognised. 

As we have already pointed out, it is to this type of fever that 
the prolonged paroxysms belong, and they may be observed even 
when, during the attack, liberal doses of quinine are given. The 
gravity of the form is for the most part connected with these 
prolonged paroxysms, and in the second place with their antici- 
pating. This anticipation may be as much as from about eight to 
ten hours, so that the intermediate apyrexia may be very short, 
hat, although short, complete. But this is not always the ca«e ; 
the prolongation of the paroxysms and their tendency to become 
hiended are not neoetsarily incidents connected with malignancy 
in the disease; there are, on the contrary, mild forms of infection. 
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with charts showing paroxysms which are protracted, thongh bnt 
little elevated in temperature. Neither does the anticipation of 
the paroxyems always coincide with the aggravation of the infec- 
tion, and this ia specially the case when the anticipation is only 
one of a few hours, and when the anticipating attacks are not at 
the same time noticeably prolonged. 

From all this it results that the thermic curve may be irregular 
through the anticipation or the prolongation and conjunction of 
the attacks, not only in the dangerous forms (the subcoutinued 
and malignant) ; it may also be so in the infections of medium 
gravity. In the latter, as in the former, we may find in the 
same chart prolonged or anticipating attacks, and slight eleva- 
tions of temperature interposed between individual paroxysms in 
such a way that the interpretation of the charts becomes ex- 
tremely difficult, and sometimes impossible. But the examination 
of the blood displays the life cycle of the tertian parasite, and 
accounts for the irregularity, as we shall see. 

There are a number of reasons over and above those deduced 
from the examination of the blood of which we shall now speak; 
these assist us to bring back the irregular curves to the type of 
the summer tertian. The complex chart, or the chart with parox- 
ysms separated by incomplete intermissions, is frequently seen in 
the primary infections : while it often happens that the fever shows 
itself regular and typical when it recurs ;^ and it is worth noticing 
that in this the first paroxysm not infrequently deviates from the 
type in being shorter and consisting of a single rise of the tempera- 
ture, and followed immediately by the crisis ; but this initial short 
paroxysm is succeeded by others with the typical curve. The same 
is also often noticed in the relapse ; as well in this as in the 
recurrence itself, the disease usually begins with some typical 
paroxysms, after which it often becomes again complicated by 
one of the modifications already mentioned. In the second place, 
a fever chart having paroxysms which are prolonged, and sepa- 

' It ie Very interesting to quote in this conaeotion Sydenham's words, 
sect. I, cap. 3, cited by Puccinotti, 'Opere Mediche,' Milano, 1856; — "Early 
in the mouth of Julj the intermittent aninmnal fevers begin, and soon 
become frequent. They do not immediatelj assume the genuine type, which 
is usual in the case of the interiuittent spring fevers ; but tbey resemble in 
all points continued fevers in such a way that, unless you look into both of 
them with a most searching examination, it ia impossible to diatinguish 
between tbem ; and when the impetoositj of the epidemic constitution baa 
been restrained a,nd its force has been checked little bj little, they then, 
merge into the regular type." Vide Sydenham Society's Edition, 1848, 
p. 37— Ed. 
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rated only by incomplete intermissions^ may become regulari and 
the paroxysms well individualised^ after the administration of a 
certain quantity of quinine^ provided the remedy be not repeated 
and continued. In the third place^ the examination of many 
thermoscopic tracings demonstrates the fact that there exist all 
forms of transition between the typical paroxysm and the irregular 
curves of the dangerous forms on the one hand^ or those of the 
forms of very mild infection on the other^ in such a way that it 
may be maintained that these latter ought to bring us back to 
the fundamental type of the summer tertian. 

Summing up what has been said so far^ we arrive at the con- 
clusion that the curve of the summer tertian may become 
complex^ or irregular^ or atypic (so to say)^ in different ways : 

1. By modifications in the curve of the attack. 

The chief modifications in the curve of the paroxysm are as 
follows : — The absence of a clearly defined initial elevation, so 
that the curve rises in a progressive and continuous manner. 
The exaggeration of the pseudo-crisis, so that the paroxysm tends 
to lose its own individuality. The prolongation of the paroxysm, 
which is usually accompanied by an exaggeration of the thermic 
oscillations of this stage. The absence of a clearly defined pre- 
critical elevation. 

2. By modifications in the succession of the paroxysms. 

The modifications in the succession of the paroxysms consist 
in the anticipation of the paroxysms, which may happen as well 
in the severe forms as in the mild. The postponement, which may 
happen also in the severe infections. The prolongation of the 
ptroxTsms, throogh which the intermission becomes incomplete 
or nearfy so. The presence of slight oscillations in temperature 
during tbe period which ought to be that of apyrexia. The 
dooUiiig of tbe attacks (double summer tertian). 

3. The eomfiex or irregular curves may also be produced— 
{«) Bt tbe preeence in the blood of two varieties of parasitea 

(e.f. tbe mixed infecdon of the summer and spring). 

Hj Bt tbe interventioii of some therapeutic action (salts of 
ifuumftf methjieae Uoe,^ &c). It must not, however, be for^ 
gDOea tbas de mtdtm of qmniiie may also, in some cases (and 

Itfer <m m what way), detemmie the simplification 
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ThiB life cycle is completed in perfect correspoDcleDce with the 
clinical conrse, as ia the case with the other varieties of the 
malarial parasite. Thus, if the blood be examined at the height 
of the paroxysm, we find small anicebee withoat pigment and 
withoDt motion, annular or discoid, or fDinished with psendo- 
podia in motion. As the period of apyrezia approaches the 
smoeba begins to be ptgioented at the periphery and to increase 
in size ; during the apyrexia it continues to grow larger, and the 
pigmentation becomes very marked, while the amreba keeps 
extremely mobile, nntil jnst before matarity the movemeDta grow 
more singgish, and then cease altogether. The size at this stage 
may be from a quarter to almost half that of the red blood- 
oorpuBcle. Daring the period which leads up to the new parox- 
ysm there is, as a rule, a noteworthy decrease in the number of the 
parasites in the blood taken from the finger; and while in the 
majority of patients the forms of fission, and those which precede 
the fission, are very rarely found, and almost exclnsively in severe 
cases, instead of these we meet with numerous adult forms enclosed 
in shrivelled red blood- corpuscles, which have become in colour like 
brass or old gold (brassy — " wttonati " — red blood -corpuscles) ; 
and there are also white blood-corpuscles with granules or masaes 
of pigment, the remains of dead adult forms, or of disintegrated 
forms of spore formation. The forms which precede the fission are 
represented by round or ovoid corpuscles, which are in size between 
a quarter and half that of the red blood -corpuscle, having the 
pigment collected at the centre or slightly eccentric, in a small 
mass or in a cluster of granules in motion. The forms of fission 
vary in size ; they may be as large as two thirds of the red blood- 
corpuscle, and are composed of one or two circles of spores (usually 
ten or twelve, seldom fifteen to sixteen) [4] arranged round the 
central mass of pigment. In the tertian as well as in the quotidian 
the reproductive phase of the amceba is completed by preference in 
some of the viscera, while those adult forms whose evolution has 
been arrested continue to circulate for a certain time. Hence it 
follows that it is difficult in one and the same case to trace the 
development of the parasite's entire life cycle ; it is necessary to 
construct it by means of observations made on many different 
patients, taking account also of what we find at autopsies. At 
the beginning of the paroxysm examination usually yields a very 
scanty result, and in some cases the parasitic forms even entirely 
disappear, while the new generation may also, by some hours, 
delay its appearance within the red blood-corpuscles that have 
been invaded; then the youn^ plasmodia progressively increase 
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in namber step by step with the development of the paroxysm, 
and recommence the life cycle as described. 

Accordingly, from what has been said so far, we may dis- 
tinguish in the life cycle of this amoeba three phases, which pass 
from the one to the other by a series of modes of transition, with 
no sharply defined boandaries. 

The phase of the young forms is represented by hyaline 
Plasmodia, without pigment, diaphanous, generally rather large^ 
in size from a fifth to a fourth of that of the red blood-corpuscle ; 
there may also be found along with these, amoBbsB of very small 
dimensions, not larger than a third of the former. These forms, 
which, as in the quotidian, may be annular and discoid in shape, or 
display lively movements, are contained, for the most part, in red 
blood-corpuscles [5] of normal aspect : nevertheless in some the 
haamoglobin takes a deeper colour than usual, the corpuscle itself 
tending to become smaller. 

This phase of life commonly has a long duration, and lasts 

daring the whole, or almost the whole, of the paroxysm. Then 

the outline of the amceba grows somewhat indistinct, without, 

however, the granules of pigment becoming discernible on the 

margin so modified, even if we make the most careful observation ; 

or in other cases the amoeba encloses some particles of red 

blood-corpuscle, in which the colour of the haemoglobin goes on 

changing under the eyes of the observer. 

These are the appearances that precede the phase of pigmen- 
tation. This phase is represented by amoebae which vary in size 
from a fourth to a third of that of the red blood-corpuscle, with 
very fine granules of pigment, generally arranged on the edge of 
the amoeba, but sometimes also scattered about in the protoplasm 
of the parasite. Forms are foand as well whose size is con- 
Biderabiy less than that of the preceding. Although the granules 
of pigment are, as a rule, without motion, they may happen to 
digpky a movement and oscillation like the pigment of the 
ftmoBba in the common tertian, — and this is specially so in the 
larger forms. After pigmentation the amoeba may take the 
same forms that it assumes in the preceding phase ; it may be 
Aiuiiilar, discoid, or mobile. The discoid forms frequently have, 
tt it were, a wavy outline ; the annular forms are large, have a 
^luiuDg appearance, and are capable of retoming to motion ; the 
^hUe forms often assume strange shapes, — for instance, dendritic* 
•Rie blood-corpuscles which contain the pigmented amoebae are of 
normal size and aspect ; but much more frequently than those 
blood-corpuscles which contain younger plasmodia, diey display a 
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darker (Colouring than nstial, which tends to take » brassy tint. 
And when {aa we have already remarked) the end of the apy rexi& 
approaches, and the new paroxyam ia shortly to begin, thia 
change in the red blood-corpnacle goes on till it is completely 
shrivelled up ; at the same time the pigmented aoioeba loses its 
power of motion, and ceases to grow larger. 

After this phase come the modifications which prepare and 
complete the fission. By a process analogous to that which ia 
seen in the other varieties of malarial parasites, the pigment 
collects into a group of granules at the centre, or a little outside 
the centre, these granules are sometimes mobile and oscillating, 
and they may form into a single mass with very sharply defined 
outline, or again they may form two small masses. 

As we have said, the size of these bodies varies from a fourth 
to a half of the red blood -corpuscle ; as a rule it is about one third. 
It is possible to find also smaller forms, which we have seen in two 
cases of malignant tertian. The red blood-corpuscle containing 
these bodies is seldom of normal size ; it ia generally shrunken, 
frequently atrophic, and of the colour of old brass. 

The fission is not completed in all the corpuscles that have 
central pigment. Many are swallowed up together with the red 
biood-corpuscles by leucocytes; others maybe seen free in the 
plasma, and in these is sometimes noted a process by which they 
tend to form vacuoles, and evidently in this way they degenerate 
and die. 

The forms in which the fission is completed are always found 
in red blood -corpuscles radically changed [6] ; they occur in red 
blood-corpuscles shrivelled up and brassy in colour, and in red 
biood-coi-puscles entirely discoloured and dried up, or else they are 
free in the plasma. The general appearance of the forms ready 
for extruding the spores ia more bulky than that of the corre- 
sponding forms with central pigment (see Figs, i — 45, Plate II). 

5 24. This life cycle of the amcoba takes place in close connection 
with the various phases of the paroxyam and with the succession 
of the paroxysms in the way described. There are, however, 
other facta worth noticing to which we shall now direct attention. 

As we have said, during the first hours of the paroxysm of fever 
the adult forms gradually decrease until they disappear, so that 
the result of the examination of the blood may be negative for 
some hours — that is to say, until the moment when the new 
generation shows itself. 

But there are cases in which some adult forms (i. e. large 
pigmented plasmodia, and bodies with pigment at the centre in 
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brassy red blood-corpascles) continue to be seen in the blood 
daring a great part of the paroxysm. Usually these forms are 
rare, but sometimes (and this usually happens by preference during 
the course of the prolonged paroxysms) the adult pigmented forms 
remain in the blood in considerable numbers, and only when the 
paroxysm is far advanced do they slowly give ap the field to the 
young Plasmodia. In some cases this is so pronounced as to 
make one believe that the coming to maturity of the parasitic 
forms, takes place in groups during the attack, in such a way that 
an elevation in the temperature corresponds to the maturation of 
each group (sporulation), while the pre-critical elevation is cor- 
related with the delayed sporulation of the last group. 

It may also happen that some adult forms reappear in the blood 
^when the paroxysm is in an advanced stage, they having dis- 
appeared — at least from the blood of the finger — at its beginning. 
In the same way the forms in which the process of fission has 
already begun may do the same thing, as well as the bodies which 
liave already completed spore formation. In the fevers of medium 
gravity and in the mild ones they are either not found at all or else 
very rarely, and only at the beginning of the paroxysm, and for 
the most part in company with forms less advanced in develop- 
ment (amoebsB with granules of pigment at the circumference). 
Whereas in severe cases, and especially when the paroxysms are 
prolonged, they may continue to be seen throughout the paroxysm 
and even up to the pre-critical elevation. Nevertheless the 
forms of fission which may be found in the blood of the fiuger 
when the attack is far advanced are always extremely few in 
number. This completion of the maturation or spore forma- 
tion of the amceba in a rather long period, and in successive 
groups, is probably the chief cause of the prolonged attack ; 
indeed, in the quartan and tertian we see the attack, which 
is usually of short duration, renewed simultaneously with the 
reproduction of the amoeba, which takes but a short time to 
accomplish ; whereas in the prolonged paroxysms of the summer 
tertian the observer may frequently convince himself of the fact 
that the reproduction takes place not only at the beginning 
of the paroxysm, but continues to go on after it has reached an 
advanced stage, as we have seen. If, as appears more than pro- 
bable, a certain quantity of pyrogenic matter is liberated in the 
blood by the act of the parasitic reproduction, the observation we 
bave related gives suiKcieut reason for the prolongation of the 
paroxysm. 
The new generation (plasmodia without pigment) generally 
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appears when the paroxysm is advanced ; the first young forms 
make their appearance, as a rule, during the first ais hours of the 
paroxysm, and reach their maximum in point of number towards 
its close, after the pre-critical elevation. They begin to become 
pigmented during the interraission, but while in some cases ihe 
pigmentation in a certain number of forms is backward, so that 
even eight or ten hours before the new attack young plasmodia 
without pigment are seen in the blood, in other cases it is prema- 
ture, and we accordingly see the amceba develop and become 
pigmented, even before the paroxysm is finished, during the 
pre-critical elevation and the crisis. This development takes 
place more rapidly than usual wheu the paroxysms tend to be 
anticipating. 

We have stated that during the six honrs which precede the 
attack [and sometimes also for a longer time — ten or twelve hours] 
it is the adult pigmented forms which, as a role, are exclusively 
found in the blood (these are the plasmodia with granules of 
pigment, and the forma with small masses at thecentre). Never- 
theless the development of a certain number of parasitic forms 
may be delayed, so that even from eight to ten hours before the 
expected paroxysm a few plasmodia without pigment may be 
found in the blood along with the adult forms ; these then gradu- 
ally decrease in number,while the adult pigmented forma increase. 
On the other haud, the sporulation in a small number of forma 
may precede the attack by some hours ; in one case, indeed, a 
very small number of fissions were observed by us about twelve 
hours before the paroxysm. These facta, these deviations from 
the law, may be easily explained. Thus we may obviously sup- 
pose that the coming to maturity of a certain number of parasitic 
forms is necessary for the production of the paroxysms ; while, i£ 
the amount of fissions fall below a certain limit, which of course 
cannot be determined with exactness, then the paroxysm does not 
take place. 

All this, however, does not invalidate the law which establishes 
the connection between the life cycle of the parasite and the 
clinical evolution of the fever. This law may be formulated as 
followa : — The retum of the paroxysms is determined by the fact, 
that the parasites set free in the blood a certain quantity of pyro- 
genie material, in the act of their reproduction. 

In the very mild fevers the results of the examination of the 

blood are usually extremely meagre, so much so that one cannot 

id in following the life cycle of the plasmodium. Seeing 

that in these cases we usually get a negative result at the begin- 
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ning and in the first hoars of the paroxysm^ and that the new 
generation appears only when the paroxysm has become advanced, 
it follows that the relatively larger number of parasitic forms 
occars during the intermission. In the mildest fevers of all, 
^hich are often irregular through the presence of abortive or 
incomplete attacks, which lend themselves with difficulty to be 
studied, it may be impossible to find plasmodia in the blood even 
for twenty-four hours and more ; while, if the plasmodia be 
inranting, there may be found in circulation a very few pigmented 
^v^hite blood-corpuscles. 

§ 25. As in the quotidians, so in the summer tertian, one of 
t;he life phases of the amoeba is represented by Laveran's so-called 
crescent-shaped bodies. The question of the connection of 
these forms with the life cycle of the amoeba and with the 
clinical evolution of the fever has been recently investigated by 
^ignami and Bastianelli ; our own latest researches have furnished 
ns with no new elements likely to help towards the solution of 
the difficulty, which concerns the biology and the meaning of these 
forms, and which has been so much discussed.^ 

Bignami and Bastianelli, in their investigations of the fevers 
belonging to this group (the quotidians and the tertians taken 
together), have established the following facts : 

I. *'0n the seventh or eighth day of the disease there are 
found in the blood extracted from the spleen, and exceptionally 
also in the blood of the finger {i, e. in cases where the parasites are 
extremely lAimerous), endoglobnlar pigmented corpuscles, ovoid 
or spindle-shaped, the evolution of which may be traced up to the 
adult crescent-shaped form. During the first paroxysms the blood 
of the spleen, especially if it be taken near the beginning of the 
paroxysm, usually shows the presence of round corpuscles within 
the red blood-corpuscles, with central pigment, in some of which the 
formation of spores may be seen to be proceeding; but after a vari- 
able number of paroxysms, a certain number of corpuscles with 
central pigment, instead of advancing to sporulation, take the ovoid 
or spindle-shaped form, and develop into the falciform body.^' 
'* The presence of these corpuscles, as soon as they can be differ- 

* For the various opinions expressed on this subject see Bignami and 
Bastianelli, ** Osservazioni sulle Febbri Malariche Estivo-Autunnali/** Riforma 
Med./ 1890. On the morphology of the crescent-shaped forms see Antolisei, 
"Intomo alia Olassificazione del Parassiti dellaMalaria," ' Bif. Medica,' Aprile, 
1890, and Oelli e Guamieri, " SoUa Etiologia della Infezione Malarica," ' Arch, 
per le Scienze Mediche/ 1889. Here we devote our attention solely to the 
connection between this phase in the amceba's life and the clinical evolution 
of the fever. 
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entiated^ may be generally apparent about the Beyenth day from 
the beginning of the infection ; bat in some cases they have been 
found on the fifth or sixth day on examination of the blood of the 
spleen : in severe infections^ when the corpuscles were in great 
abundance^ they have even been detected in the blood of the 
finger at that date. If we only study the blood of the 
finger, instead of that of the spleen, it frequently happens that we 
find bodies of the crescent-shaped phase only on the eighth or 
ninth day ; but in these cases we have nearly always to do with 
bodies which are already well developed/' 

" After the formation of the young crescent-shaped forms has 
thus commenced, on an average towards the seventh or eighth day 
of the disease, their production continues with each successive 
paroxysm, so that after a series of attacks the blood contains an 
accumulation of crescent-shaped forms. Excepting^ however, 
those cases in which the parasites are very numerous, such as the 
severe subcontinued and malignant fevers, it is always difficult 
to find in the blood of the finger the young endoglobular crescent* 
shaped forms.'' 

'' Thus in all the fevers of this group, which have been studied 
for a sufficiently long time without therapeutic interference, we 
are able to trace the development of the plasmodia, on the one hand 
np to the corpuscle with central pigment, and its fission, and on 
the other hand up to the young endoglobular crescent-shaped form; 
and the conclusion we arrive at is that the amoeba of the summer- 
autumn fevers (the Amceba prsecox of Ghrassi and Feletti) and the 
crescent-shaped body are two forms of one and the same parasite, 
and not two different parasites." ^ 

2. Whether the fever ceases spontaneously, or this be brought 
about by the action of quinine, the crescent-shaped forms continue 
to be seen in the blood for one or two weeks ; as a rule, after 
nine or ten days of freedom from fever they diminish considerably 
in number, and then disappear in a few days. 

In this interval there are usually seen iu the blood crescent- 
shaped forms becoming vacuolated and disintegrated, and from 
time to time also young crescent-shaped forms ; but we cannot 
succeed in tracing a progressive development of these bodies up 
to the paroxysms of the recurrence of the fever, which generally 
ensue after a period manifestly equal to the time of the malarial 
parasite's incubation (for the most part a little less than two 
weeks) . 

3. On the recurrence of the paroxysms the development of the 

' Loo. cit. 
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amcBbsQ is completed just as in the fevers of the original infection^ 
and the life oyole is certainly not slower and different from the 
former, as other writers have maintained. 

Bignami and Bastianelli base their argfument on these facts, 
and also on the fact that they have never succeeded in finding 
forms of spore formation or fission belonging to the crescent- 
shaped bodies, and this " not onlv after systematically examining 
the blood of the spleen daring the different periods of the 
infection, but also not even after studying the fresh organs in 
cases of malignant fever in which, throughout all their stages 
of development, bodies of the crescent-shaped phase were accu- 
mulated in very large numbers/^ Hence they formulate with 
reserve the hypothesis that the crescent-shaped bodies represent 
sterile forms of the parasites belonging to this group of fevers.^ 

The question is certainly still far from being solved. At 

present we shall confine ourselves to a statement of the facts 

resulting from observations which have recently been carried out 

in a series of fifty-nine cases in which only the blood of the 

finger was examined ; and we shall concern ourselves exclusively 

with the points of connection between the clinical development of 

ihe fever, and the presence in the blood of these parasitic forms, 

at the same time abstaining from a discussion of the hypotheses 

tliat have been put forward concerning their morphology and 

ngnificance. If our latest results be compared with those of 

Bignami and Bastianelli, which we have already mentioned, it is 

necessary to bear in mind an observation which these writers 

have made, namely, that the administration of quinine may exert 

an influence on the crescent-shaped forms, and cause their 

appearance to be more or less delayed; thus if quinine, for 

instance, be given at once from the beginning of the fever 

in sufficiently large doses, the crescent-shaped phase of the 

parasite may be entirely wanting, and it may only appear in 

the recurring attacks. The recurrence takes place after a 

' Kmse also seems to accept the opinion that the crescent-shaped bodies 
liaTe no phase of spomlation. 

" The crescent-shaped bodies " (he says), " although the contrary may be 
believed, are not capable of a progressive development, bat frequently torn 
u'U) spindle-shaped bodies, either ovoid or ronnd, which may be flagel- 
lated. The ttLCt that there may be in the blood a considerable number of 
*^t crescent-shaped forms withont fever being caused, weighs against the 
PMbility of their having a progressive development ; and the fau^ which are 
^wn in relation to the analogous forms of the other blood-parasites bear 
the same testimony." — D. W. Slmse, " Der gegenwartige Stand onserer 
Eenntnisse Ton den parassitaren Protozoen,** ' Separatabdmck atu der 
Hygien. Rimdschaa, 1893, No. 9 (pp. 39, 40). 
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period of time, usudUy a iittle less than a foriniglit, equally ia 
these cases as in those in which, after some paroxysms of the 
pritoary iofection, the forms of the orescent-shaped phase made 
their appearance in the blood. We now give the results of the 
most recent researches. We have found no ere scent- shaped 
forms in twenty-eight cases of primary infection ; that is to say, 
in seventeen cases of summer tertian, in nine cases of quotidian 
or tertian sabcontinued fever, and in two cases of quotidian. In 
these cases we continoed our researches, as a rule, till the fifth, 
sixth, and seventh day of the disease, rarely till ths ninth, and in 
one instance until the twelfth day. We mnaC, however, remark 
that in many of these cases quinine was given from the fourth or 
fifth, sometimes from the third day of the fever, and in large 
doses, and this may influence the appearance, more or less rapid, 
of the crescent-shaped forms, as Bignami and Bastiauelli have 
observed. In the second place, the fact also determined by 
Bignami and Bnstianelli must not In> forgotten, namely, that the 
appearance of the orescent- shaped forms in the blood of the finger 
raav not be observed till some days after these forms have already 
lieeu found in the Rpleen. All our observations have been made 
with the blood of the finger. 

Among the different casea there was one of comatose malignant 
(over whioh deserves mention. In this instance death supervened 
on tho ninth day of the disease, the treatment with quinine 
having been only commenced on the fifth day. No crescent- 
shaped forms were found even in the viscera, and in the spleen 
nione were seen some small ovoid forms within the red blood- 
corpuscles, which possibly might be explained as yoang crescent- 
shaped forms. 

The crescent-shaped bodies were found in thirteen cases of 
primary infection, usually between the seventh and eighth day of 
the disease, rarely aa soon as on the fifth day, and rarely also later 
than on the tenth, twelfth, and fourteenth day. The crescent- 
shaped forms were often only found when, after the first doses of 
quinine had been given, the infection passed away. In one case, 
simultaneously with the appearance of the crescent-shaped forms 
the infection became milder of itself, and then disappeared. 

From these facta we conclude (as Bignami and Bastianelli have 
already done from their observations) that during the first parox- 
ysms of fever the crescent-shaped phase of the parasite does not 
occur ; that it appears only after several paroxysms, and in some 
of the viscera, such as the spleen and the bone marrow, before 
being visible in the blood of the finger. If quinine be administered 
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from a very early stage the infection may pass away (except- 
ing the chance of a recarrence later on) before the formation of 
the bodies of the crescent-shaped phase has taken place. On 
the other hand, if qninine be not given till a later stage, it almost 
seems as if the transition of the parasite into this phase of life is 
thereby promoted and farthered ; for the crescent- shaped forms 
appear and continue in the blood of the finger, while the other 
parasitic forms disappear. 

In the recurrences, just as in the original infections, the 
crescent-shaped forms were found from the sixth to the eighth day 
of the disease, rarely on the fifth day, — always, be it understood, 
m the blood of the finger. The same fact was observed as 
well in the quotidians as in the tertians, as well in the cases 
where we were dealing with a first as in those of a second and 
third recarrence. 

The crescent-shaped forms, then, become visible in the fevers 
which recur only after some paroxysms have run their course, as 
Bignami and Bastianelli have remarked. 

There were only eight cases of the recurring infection in which 
no crescent-shaped forms were found, although they were observed 
up to the fifth and sixth day. We must, however, bear in mind 
that some of these patients took quinine on the fourth day of the 
disease, while with others the infection was extremely mild, and only 
a very small number of parasites were found, — facts which may 
serve to explain the late appearance of this phase in the life of the 
Plasmodium. 

Among these cases we had instances of tertian, of quotidian, 
and of Bubcontinued fever, in some patients the second recurrence 
was observed, but in the greater number the first, and in one case 
the fourth. 

In oar opinion these observations also allow us to draw the con- 
chision which we have expressed on this subject in our prelimi- 
^^ publication. The development of the fever, alike in the 
nunmer tertian as in the quotidian, is in intimate connection 
with the evolution of the amoeba's life cycle, and this not 
only in the original infections, before the crescent- shaped forms 
have appeared in the blood, but also in the recurrences of the 
fever when these forms have become visible ; and therefore we 
consider it inexact to say that these fevers owe their origin to 
&lciform hsamatozoa. It is not the crescent-shaped body, but 
the amcBba that has the greatest pathogenic importance, — the 
u&oeha which passes through a developmental cycle with every 

ptrozysm of fever. 

5 
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§ 26. BelapsBH and recitrrences offerer. — All medical menknov 
that almost all the fevers beloDging to this group are liable to 
recurrences — frequently obstinate ones. We have drawn atten- 
tion to the fact that the recurrence of the fever takes place 
for the most part after intervals of variable length of freedom 
from fever, lasting, where the infections are not of very old 
standing, about a fortnight, nsnally a little less ; and that if the 
infections continue a long time, and through their long duration 
become milder, then the intervals are somewhat longer. We have 
also noted that these intervals are generally equivalent in their 
length to the time ot incubation of the malarial parasite — a 
fact which has been determined by Antolisei's, Gualdi's, and 
Angelini's experimental inoculations on the human subject. 

During this period of natural temperatures the examination 
of the blood gives, in a number of cases, a completely negative 
result, while in others it discloses the presence of parasitic forms 
belonging to the group of creacent-shaped bodies. If the 
apyrexia be complete, no forms belonging to the pyrogenic cycle 
of the amccba are found in the blood ; in those cases in which 
from time to time a very small number of amcebie appear in the 
blood, the patients usually have slight elevations of temperature, 
reaching to about ioo*4'' F. in the evening or during the night. 

We wish now specially to draw attention to the fact that very 
frequently the fevers that recur are made up of groups of parox- 
ysms which aro much more regular and distinctly intermittent 
than those of the primary infection. For instance, one may see a 
typical summer tertian in the recurring fever, while in the original 
infection the fever was irregular or subcontinued. But it is the 
quotidians especially which, in the majority of cases, are observed 
to be distinctly intermittent in their form only in the relapses. 
Perhaps it may be true to suppose that this peculiarity of the fevers 
stands in connection with the way in which, in the two cases, the 
infection arises. In the original fevers the infection comes from 
the surrounding atmosphere, and, as everything would lead us to 
believe, from the actual inhalation of the air. From this it will 
be understood how in a large number of cases parasites must be 
found in the blood in different stages of development, and, con- 
sidering tltat a periodic series of paroxysms corresponds to the evo- 
lution of a single generation of parasites, how it is that the fever 
in these cases is irregular or complex. In many cases the 
curve becomes regular without any therapeutic treatment being 
employed ; and we may suppose that this occurs because the 
predominant generation of parasites continues to develop, and thus 
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determines a series of periodic paroxysms, while the parasitic 
groaps or colonies of secondary importance become exhausted^ 
cease to develop, and finally disappear. 

On the other hand, in the recurrences, the fever is determined 
by the &ot that parasitic forms, which have remained daring the 
whole of the apyrexia in a condition of latent life, after a fairly 
constant period of time begin again to develop in the blood, and 
to complete their normal life cycle. It is more than probable 
that these forms, which thas persist, are represented by a certain 
nnmber of spores deposited in the spleen and in the bone marrow 
daring the acate infection before they have given place to the 
development of yoang amoebaB; from these woald be evolved, 
after a period corresponding to the time of incabation, the new 
parasitic colony which determines the recarring fever. And 
also in those cases where the original infection was determined by 
more than one generation, and where in conseqaence the fever 
was complex or irregfalar, the relapsing fever on the other hand, 
arising in an entirely special manner, woald be frequently deter- 
mined by a single generation of amoebae ; whence the greater 
regalarity and simplicity of the fever. 

It is necessary to distinguish the recurrences from the 
relapses of fevers. These latter are often separated from the 
group of paroxysms of the first infection by only a short interval 
(that is to say, three, four, or five days), and occur usually when 
an insufficient quantity of quinine has been given, or when it has 
not been continued long enough. In this case the actual infection 
lias not entirely exhausted itself, and the interval which lies 
between the first and second group of paroxysms cannot be 
considered as a real period of latency. As a matter of fact the 
apyrexia, for the most part, is not complete, but is interrupted 
by abortive paroxysms, which often pass unobserved both by 
patients and physicians unless thermometric observations be 
made frequently. Some amoeboid forms may also be found from 
time to time in the blood, but in such small numbers that it is 
impossible to follow their life cycle until the relapse of the fever 
suddenly appears with its usual parasitic characteristics (see 
Chart n, tracing 14). 

§ 27. We shall only give here in detail a few cases of summer 
tertian as an illustration of some of the facts mentioned by us, and 
we would remark that each of these cases must be considered 
as an example of a group of similar ones which we have observed. 

Case 4.^ — Saverio B — j 37 years old, a carter, able-bodied, 

* See Chart I, tracing 5. 
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coming from Storta. Has had fever in the beginning of AagoHt 
from the 8fch to the 12th ; the fever appears to have bean 
incessant all that time except during brief intervals ; the patient 
cannot specify the type. There have also been recnrrencee, the 
date and duration of which he is unable to determine. He has now 
had fever for four days, and says that the fever is severe on one 
day, diminishes or ceases on the following, only to increase again 
on the day after that, without shivering. He complains of 
abdominal pains and diarrhoea. Spleen very large. 

On September 2nd the patient says that he had high fever. 

September 3rd. — 10 a.m., blood: many discoid and annular 
Plasmodia; large-sized ones in motion, with small granules of 
pigment at the circumference, some of which are in movement. 
3.30 p.m., blood : as above, but the quantity of parasites con- 
siderably decreased. Some white blood-corpuscles with little 
masses of pigment. 5.15 p.m., blood : a few annular and discoid 
Plasmodia, with small pigmented granules, found in brassy red 
blood-corpusclea. A very small number of white blood -corpuscles 
with little clusters of pigment. 12 noon, temp. 97"5^. 4 p.m., 
ior5°. 6 p.m., 104°- 8 p.nc., 102-2°. 12 p.m., 102'' F. 

4th. — 8.30 a.m., the fever continues high. Blood : a few 
discoid and annular plasmodJa without pigment. 2 p.m., profuse 
sweating ; the headache, hitherto intense, decreases. Blood : 
there are still some discoid plasmodia without pigment, also mobile 
and annular ones. 4.30 p.m., blood : many plasmodia without 
pigment, as above. 4 a.m.., temp. 102-2''. 8 a.m., ior4°. 
12 noon, i04"6°. 4 p.m., loo'g". 12 p.m., 96'8° F. 

5th. — Intermission; patient feeling well ; hasappetite. 8.30a.m., 
blood : many diacoid plasmodia, annular and mobile, with gran- 
ules of pigment ; the large-aixed mobile forms are predominant. 
9.43 a.m., blood : as above; in addition, several pigmented plas- 
modia in brassy red blood -corpuscles. 3.30 p.m., the temperature 
has already risen. The patient states that he began to feel ill 
towards 2 p.m., with a sensation of heat; no shivering. Blood : 
a very few pigmented plasmodia in brassy shrivelled red blood- 
corpuscles. 4.30 p.m., the fever is already very high. No younff 
forms are found in the blood as yet, 4 a.m., temp. 96"8''. 7 a.m., 
97-2°. 12 noon, 98'6° 4 p.m., 104°. 8 p.m., 103-8°, 12 p.m., 
103-6° F. 

6th. — The fever continues. Towards 8.30 a.m. there is a 
alight sweating. Blood : a rather scanty number of discoid and 
annular plasmodia with pigment. A very few adult crescent- 
shaped forms. Many white blood-corpuscles with small masses of 
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pigment. 3.30 p.m.^ the fever has become slight. Blood : a 
znoderate number of plasmodia without pigment^ discoid, annular, 
^bnd mobile — some with indistinct outline. The adult crescent- 
sliaped forms very rare. Several white blood-corpuscles with 
little masses of pigment. 4 a.m., temp. 102*2^. 8 a.m., 103*1^. 
'K2 noon, 1 03*6°. 4 p.m., 10 1 '5^. 8 p.m., 98'6^, 12 p.m., 

7th. — ^Intermission in the morning. 10 a.m., blood: several 

large-'Sized plasmodia, annular, discoid, and mobile, with small 

jiigmented granules (in size from a third to a fourth of the red 

1>lood-corpuscle) ; a few are found in blood-corpascles which are 

'tending to become brassy. 2.30 p.m., intermission; condition 

good. Blood: as above; in addition, some white pigmented 

l^lood-Gorpuscles with needles of pigment. 4.30 p.m., the fever 

l>egin8. Blood : only a very small number of pigmented plasmodia. 

6 p.m., sulphate of quinine, 32 grains, by the mouth. Temp., 

4 a.m., g6'i^. 7 a.m., 96*8°. 12 noon, 96*5®. 4 p.m., ioo'4^. 

8 p.m., ioi'3°. 12 p.m., 100*9^ F. 

8th. — ^Intermission. Patient very weak. Sulphate of quinine 
24 grains by the mouth. 9.30 a.m., a very small number 
of Plasmodia, without pigment, in motion ; some with very fine 
granules of pigment. The crescent-shaped forms are extremely 
rare, and likewise the pigmented white blood-corpuscles. The 
patient continues to take quinine during the day. Temp., 4 a.m., 
99'4^ 7.30 a.m., ioo'2°. 12 noon, 99*2^. 4 p.m., 99*5^. 8 p.m., 
QJ-g*"- 12 p.m., 97-4'' F. 

9th.— The natural temperature continues. In the blood there 
are only a very few adult crescent-shaped forms, and a small 
number of pigmented white blood-corpuscles. The patient im- 
proves rapidly during the following days, continuing to take 
qQinine. 

This is a case of summer tertian. The biological cycle of the 
parasite is developed typically, the microbes decreasing in a 
remarkable manner at the beginning of the paroxysm, and 
increasing during the intermission while the new paroxysm is in 
course of preparation. In the first paroxysm there is a strong 
pre-critical elevation, which is but little marked in the second. 

The sulphate of quinine, which was given when the tempera- 
ture began to rise in the third attack, caused the paroxysm to 
hecome abortive ; only an extremely small number of plasmodia 
developed, giving a correspondingly small number of young forms. 
Casi 5.^ — ^The following is a characteristic example of summer 

1 Bee Chart U, tracing 8. 
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tertian^ not only owing to the regolarity of its cnire^ bnt 
also becanse of the uniform succession of the different phases of 
the parasite's life. 

Torretta F — , 42 years old^ able-bodied. Has had malarial 
fever last year^ with recurrences up to April of this year. 
He works near Storta^ where he contracted fever again on 
September 6th. On that day the fever began towards noon^ and 
lasted till midnight; on the 7th it commenced, according to 
the patient, at noon, and ceased the morning after ; the tbird 
attack was short, lasting from 2 to 7 p.m. After this the disease 
became aggravated; from September nth onwards the fever was 
continued. 

12th. — II a.m., slight fever. Blood: a moderate number of 
Plasmodia without pigment, discoid, annular, and mobile, some 
with granules of pigment. Towards i p.m., shivering. 2.45 
p.m., the fever high. Blood : several plasmodia without pig- 
ment, discoid and annular ; with very lively movement, and young ; 
several with fine granules of pigment, discoid in shape. 4.30 
p.m., blood : as above, there are some pigmented plasmodia in 
brassy blood-corpuscles. The fever ceased spontaneously in the 
night. Temp., 11.30 a.m., 101*3°. 2.45 p.m., 105*8°. 4 p.m.^ 
107-2°. 8 p.m., 102*8°. 12 p.m., 99° F. 

13th. — Free from fever in the morning; the patient feels well. 
8.30 a.m., blood : moderate number of plasmodia with small 
granules of pigment, discoid and annular in shape, moving slowly, 
of medium size. A very inconsiderable number of small annular 
plasmodia without pigment. Some white blood-corpuscles with 
granules and small clumps of pigment. 9.30 a.m., blood : there 
are only annular and discoid plasmodia, pigmented and in motion ; 
white blood-corpuscles as above. 3 p.m., the patient begins to 
feel ill. Blood : many plasmodia, with fine granules of pigment, 
annular and discoid in shape, in motion, but the greater part of 
them without motion — of medium and also large size (some almost 
as much as a half of the red blood-corpuscle) . There are many 
in brassy red blood-corpuscles — one round form in a brassy red 
blood-corpuscle with the pigment collected towards the circum- 
ference. Some white blood-corpuscles with small masses of 
pigment. 

3.45 p.m., intense shivering. Blood : same as above. The 
brassy red blood-corpuscles have increased in number. There is 
one form with a small clump at the centre. 4.30 p.m., the 
shivering has ceased. Blood : the condition is as above, but 
the forms are somewhat less in number. Some brassy red blood- 
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corpuscles are very mnoh shrivelled up. No young forma are ob- 
served. Temp.^ 4 a.m., 97®. 7 a.m., 96*8°. 12 noon^ 97'3°« 
4 p.m., i03'3°. 8 p.m., i04'2°. 12 p.m., 104*5° ^• 

14th. — The high fever coutinues ; the patient is quiet. 8.45 a.m., 
blood : a few young amoeboid forms. 9 a.m., blood : plasmodia 
as above. Many white blood-corpuscles with small masses of 
pigment. 3 p.m., blood : several plasmodia without pigment, or 
with very fine granules of pigment, discoid and annular in shape, 
and in motion. There are still many white blood-corpuscles with 
little masses of pigment, and a single young crescent-shaped form. 
4 p.m., blood : the same ; in addition, one specimen with small 
mass at the centre in the act of sporulation. The fever com- 
pletely passes away in the night. Temp., 4 a.m., 102*6^. 7.30 
a.m., i02'6°. 12 noon, ioi'6°. 4 p.m., 105*8°. 8 p.m., 102*2°. 
12 p.m., 98*1° F. 

15th. — 8.30 a.m., intermission ; condition of patient good. 
Blood : many large-sized plasmodia, discoid and annular in shape, 
with sluggish movements ; all with granules of pigment. A few 
pigmented white blood-corpuscles. 8 a.m., sulphate of quinine, 
32 grains, by the mouth. 3 p.m., blood : the same as above ; in 
addition some pigmented plasmodia in brassy red blood -corpuscles. 
Towards 5 p.m. there is profuse sweating, with normal tempera- 
ture. Temp., 4 a.m., 96*8°. 7 a.m., 97°. 12 noon, 98°. 4 p.m., 
98°. 8 p.m., 100*4°. 12 p.m. 102*4° F« 

1 6th. — A mild and delayed attack of fever followed after the 
administration of quinine. 9 a.m., a few white blood-corpuscles, 
with granules and small masses of pigment. 4 p.m., the blood is 
in the same condition. Temp., 8 a.m., ioo*6°. 12 noon, ioo*6°. 
4 p.m., 101*1°. 8 p.m., 99*5°. 12 p.m., 97*2° F. The normal 
temperature continues. 

In this case, as we have remarked, the curve of the tertian 
was typical. As regards the parasites found in the blood, it is 
to be noted how one fissional form is found near the time of the 
pre-critical elevation ; which fact harmonises with what we hare 
said about the interpretation of the prolonged attacks. The 
expected attack is delayed and rendered abortive by the adminis- 
tration of quinine some hours before; the new generation does 
not develop completely, and the freedom from fever continues, 
although no more quinine is given. 

Casi 6.^ — The following is another example of a typical attack 
of summer tertian: — Pelliccioni P — , 28 years old, works at 
Magliana ; has malarial fever for the first time. For four days 

' See Chart I, tracing 7. 
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be saffered from headache, bnt says that he has only had fever 
Bince July 31st. He enters the hospital on August ist, and is put 
in the Lanciai Ward, No. 54. 

August lat. — 4 p.m., headache and profuse sweating. Blood: 
a moderate number of amceboid plasm odia without pigment. 
5 p.m., blood: the same. Temp., 5 p.m., 101°. 8 p.m., 98'6*. 
12 p.m., 99° P. 

2nd. — 8.30 a.m., intermigsion ; condition perfectly good. 
Blood : a moderate number of largS'Sized plasmodia, discoid in 
shape and in motion, with granules of pigment on the circum- 
ference. 1 1 a.m., blood : the same. The plasmodia are large-sized, 
discoid in shape, and sluggish in movement. The fever begins 
with shivering towards midday. 3.30 p.m., high fever. Blood : 
only pigmented forms in brassy red blood-corpuscles. 5 p.m., 
blood : there are still a few pigmented plasmodia in braasy red 
blood -corpuscles ; and a very small number of young forms, small 
and annular in shape. Temp., 4 a.m., 96'8°. 8 a.m., 98°, 12 noon, 
ro2*4° (with shivering). 4 p.m., I04'2''. S p.m., 104° {with 
sweating). 12 p.m., i03'8° F. 

3rd. — The fever, which continued all night, tends to decrease 
in the morning. Intense headache. 8.30 a.m., blood: there are 
still some pigmented plasmodia in brassy corpuscles, and a few 
young amceboid forms with very lively movements ; the discoid 
forms are a little larger than before. 10.30 a.m., shivering. 
Blood : there are still discoid forms with little granules of pig- 
ment ; but the young forms, annular in shape, and in motion, domi- 
nate. There are also several pigmented white blood -corpuscles. 
3,30 p.m., the fever is stiil high. Blood r an extremely large 
number of discoid and annular plasmodia in very lively motion ; 
they are not pigmented, and almost all are very small (even two or 
three in a single red blood -corpuscle) . A very limited quantity of 
large-idzed discoid plasmodia with fine granules of pigment at the 
circumference. 6 p.m., the high fever continues ; headache and 
depression. Sulphate of quinine, 48 grains, by the mouth. Temp., 
4 a.m., I02'2°. 8 a.m., ioi"i°. 11 a.m., io5'4°. 12 noon, io6'3 . 
4p.m., i03-i°. 8 p.m., gT2°- 12 p.m., 981° F. 

4th. — 8 a.m., intermission. Sulphate of quinine, 32 grains, 
by the mouth, g.30 a.m., blood r several plasmodia without 
pigment, and some in very lively motion. A few large-sized 
plasmodia with pigment afc the circumference ; also a few pig- 
mented white blood-corpuscles. 5 p.m., patient in good condition. 
Blood : several discoid and annular plasmodia, some pigmented 
in brassy blood-corpuscles ; a very small number without pigment. 
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and in motion. In the night the feyer retnms. Temp.^ 4 a.m.^ 
97°. 8 a.m., 96*8^. 12 noon, 97^. 5 p.m., 97* 1°. 10 p.m., 
103-1'' P. 

5th. — 8.30 a.m., the fever tends to diminish. Blood : a yery 
scanty number of annular plasmodia of very small dimensions. 
5.30 p.m., blood : examination gives a negative result. Temp., 
2 a.m., 102*2^. 8 a.m., loi'i^* 12 noon, 101*1^. 4 p.m., 
99*9®. 8 p.m., 99*7^. 12 p.m., 100*4° F. After midnight the 
temperature becomes normal ; the patient continues to take 
quinine. 

During the paroxysm the parasitic forms are not all found in 
the same stage of development ; the pigmented adult forms con- 
tinue during the whole length of the paroxysm. The coming to 
maturity of the different parasitic forms is completed in a 
rather long period, which explains the lengthy duration of the 
paroxysm. Large doses of quinine do not prevent an abortive 
paroxysm. 

Cass 7.^— Beaujean, an able-bodied man, middle-aged, has had 
malarial fever in Africa three times at different intervals, but for 
the last three years he has been free from it. He has now had 
fever for a week with intermissions, which, he says, have been irre- 
gular ; there has been little or no shivering. The paroxysms have 
become constantly stronger, and from the morning of July 13th 
up to the present (the 14th) the fever has lasted without inter- 
mission. 

July 14th. — 4 p.m., profuse sweating. Blood : a considerable 
number of plasmodia without pigment. There is one tertian 
(spring) form of medium size. 5.30 p.m., discoid and annular 
plasmodia without pigment in great numbers. There are no 
pigmented leucocytes. The profuse sweating continues during 
the night. Temp., 5 p.m., 102*9°. ^ p.m., 99*5°. 12 p.m., 

977° F. 

15th. — 8.30 a.m., no fever. A considerable number of plas- 
modia without pigment, and also with very fine granules of 
pigment (these latter are in the majority), also large forms, 
discoid and annular in shape, in red blood-corpuscles, mostly deeper 
in colour than usual, and a few in brassy blood-corpuscles. No 
pigmented white blood-corpuscles are observed. 4.30 p.m., the 
temperature has risen, accompanied by slight shivering. Blood : 
the parasites have much decreased in number ; a few plasmodia are 
seen with pigment at the circumference. 6.15 p.m., blood: 
result of examination is negative. The fever continues during 

* See Ohart I, tracing 6. 
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the whole night. Temp., 4 a.m., 9TJ°- 12 noon, 99'7* 
4 p.m., I04'6°. 8 p.m.) io2'9°, 12 p.m., io3'5° F. 

i6th. — 8 a.m., the fever continues high. Blood: a few Plas- 
modia without pigment. 10.30 a.m., blood; plasmodia without 
pigment, aa above. Some pigmented white blood -corpuscles with 
small masses of pigment. One adult tertian (spring) form ! 4 p.m., 
sweating commences ; the headache with which the patient has 
been tormented has ceased, but the fever continues. Blood : a 
considerable number of plasmodia without pigment, with very 
lively motion, and a few with very fine granules of pigment at 
the circumference, 5 p.m.j profuse sweating. 6 p.m., blood : 
as above ; in addition, a young form of spring tertian. A very 
few pigmented white blood-corpuscles. Temp., 4 a,m., i03'4°. 
8 a.m., io2'5°. 12 noon, 104*6°. 5 p.m., io2'2°, 8 p.m., g&'S". 
12 p.m., 98"6°F. 

17th, — Intermission ; and condition good all through the night. 
8 a.m., a moderate number of plasmodia without pigment, and 
also with very fine granules of pigment at the circumference (the 
pigmented forma are also in the majority). They are mostly 
very mobilo, and larger than on the evening of the i6th, A few 
pigmented white blood-corpuscles. 3.45 p.m., the patient has had 
slight shivering and headache for the last half-hour. The tem- 
perature has risen. Blood : a very small number of forms with 
pigment at the centre (there is one spring tertian free form, 
larger than a red blood -corpuscle, apparently belonging to those 
which end by forming vacuoles). Several pigmented leuco- 
cytes. The plasmodia in motion with pigment at the circum- 
ference are no longer to be seen, as in the morning, and the 
number found has considerably decreased. 5,45 p.m., high fever. 
Blood : in one preparation not a single parasite I In another, 
one anunlar form of very email size without pigment. Temp., 
4 a.m., 99'5°. 8 a.m., 97'5°. 12 noon, 98'3°. 4 p.m., io5*2°. 
8 p.m., io2*3°. 12p.m., io3'8°F. 

i8th, — The fever has been maintained during the whole of the 
night, and still continues. 8.30 a.m., blood: a few plasmodia with- 
out pigment, small and annular in shape. Some pigmented white 
blood- corpuscles. 10.30 a.m., blood : the same. 4 p.m. : still a 
few plasmodia without pigment. Some pigmented white blood- 
corpuscles. Some spring tertian forms, in size from one third to 
two thirds of the red blood -corpuscle, 4.45 p.m. : sulphate of 
quinine, 32 grains, by the mouth. Temp., 4 a.m., loi's". 8 a.m., 
ioo'7°. 12 noon, ioo'9". 4 p.m., i04'2°. 8 p.m., ioo'2''. 12 p.m., 
97-4° F. 
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19th. — Intermission ; condition good. 8.30 a.m.^ blood : a few^ 
Plasmodia without pigment. A very small number of developed 
crescent-shaped forms. Several pigmented white blood-corpnscles. 
10 a.m.^ sulphate of quinine 24 grains hj the mouth. 5.30 p.m.^ 
examination of the blood gives a negative result. The intermis- 
sion lasted the whole day ; the patient felt well. During the fol- 
lowing days a few crescent-shaped forms continue to be seen in 
the blood. The patient recovers strength^ and leaves the hospital 
on July 27th. This is a typical instance of summer tertian. 

It is worth noticing that the presence of a very small number 
of spring tertian forms^ so few are they that it is impossible to 
follow their development^ does not in the least modify the charac- 
teristic chart of the summer tertian. 

Casb 8.^ — Merbetti G — , 23 years old, comes from outside 
Porta Salara. He has had fever since September 5th ; after 
five days of illness he was cured by treatment with quinine. 
The recurrence of fever began after about twelve days of apyrexia, 
80 that he has now suffered from paroxysms for three days. In 
the recurrence the paroxysms have been milder than they were in 
the original infection. 

He entered the hospital on September 26th in a seriously anaemic 
condition. 10.30 a.m., blood : a few plasmodia with granules of 
pigment at the circumference. The patient has a sensation of 
cold about 11 a.m.; at 4 p.m. this cold feeling still continues. 
4 p*m., blood : there are still plasmodia with small granules of 
pigment, and some are in brassy red blood-corpuscles. There is a 
moderate number of young plasmodia, annular in shape and 
mobile. Temp., 12 noon, ioo'4°. 4 p.m., 105*6°. 8 p.m., 103*1°. 
12 p.m., loi-i® F. 

September 26th. — The patient is almost completely free from 
fever, feels well, and has no headache. 8.30 a.m., blood : several 
Plasmodia, discoid and annular in shape and in motion, of medium 
fiise, with very fine granules of pigment. 1 1 a.m., blood : the 
same ; several of the pigmented plasmodia are found in brassy 
red blood-corpuscles. 2.30 p.m., the temperature begins to rise. 
Blood : the number of parasites has much decreased ; the same 
pigmented forms are found in red blood-corpuscles, both normal 
ftnd brassy. In these latter some forms are also mobile. 4.30 p.m., 
high fever. Blood : there are still a few forms with small pig- 
mented granules in red blood-corpuscles, both normal and brassy. 
A very scanty number of bodies with a small mass of pigment at 
the centre. Young forms are found, annular and discoid in shape, 

^ See Chart 11, tracing 14. 
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and in motion. Temp,, 4 a.iD., gg's". 7.30 a,m., 99"i°. 12 noon, 
99'3°- 2 p.m., loo'S". 4 p.m., ioi'6°. 8 p.m., I03'8°. la p.m., 
io3i"F. 

27tli. — The fever continues, but is diminisliiiig ; the patient la 

quiet ; there ia slight bleeding at the nose. 9 a.m.j blood : several 
Plasmodia, discoid and annalar in shape, and ia motion ; for the 
moat part with very fine granules of pigment, some in brassy red 
blood-corpnBcles. A few pigmented leucocytes. 10 a.m., the 
temperature ia increasing. Blood : several discoid plasmodia, of 
medium size, mobile and with small granules of pigment, some in 
brassy red blood -corpuscles. There is a very small number of 
annnlar plasmodia in motion, without pigment. Towards 3 p.m, 
the patient has a feeling of cold. 4 p.m., high fever. Blood: 
there are still rather large plasmodia with granules of pigment; 
they are discoid and annalar in form, and are found also in brassy 
red blood -corpuscles. Several annnlar plasmodia, mobile and with- 
out pigment ; also some very young ones, small and annular in 
shape, as well as leucocytes containing small masses of pigment. 
Slight but frequent headache. 5 p.m., bimuriate of quinine, 32 
grains, by hypodermic injection. Temp., 4 a.m., 97'6°. 7.30 a.m., 
9g'2°- 12 noon, gS^S". 4 p.m., 99'3°- 8 p.m., 101°. 12 p.m., 

I02-2''F. 

28th. — The patient is free from fever and feels well. Snlphate 
of quinine, 16 grains, by the mouth. The patient has fever 
during the night which continues by day. 

2gth. — 10 a.m., blood: there are a few plasmodia with very 
fine granules of pigment and in brassy corpuscles. 4 p.m., 
blood : the same. 

30th. — Incomplete intermission. Blood ; a very small nnmber 
of adult ere scent -shaped forms. The patient is cool till October 3rd. 

October 3rd. — In the morning the patient complains of head- 
ache, and after this the temperature gradually rises. 3 p.m., 
high fever. Blood : a very limited number of plasmodia without 
pigment, and a few adult orescent-shaped forms. Temp., 
10.30 a.m., ioi"5°. 12 noon, io2'4°. 4 p.m., los's". 8 p.m., 
102°. 12 p.m., ioo'i°P. 

4th. — In the morning the patient is cool, complains of slight 

headache. 10 a.m., blood : several plasmodia with granules of 

igment, discoid and annular in shape, mobile, and of medium 

ze ; some have only an indistinct outline, and the granules of 

gment are not clearly defined. 3.30 p.m., the patient complains 

of severe headache. Blood : condition as above, but the plasmodia 

are much reduced in numbers ; there are also a very few adult 
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(nrefloent-Bliaped forms. Temp.^ 4 a.in.^ 99^. 8 a.m., 97'5^- 
iz noon, 99*4^ 4 P-ni«j ior6®. 8 p.m., 103*1^ 12 p.m. i02'6®F. 
Towards 10 p.m. there is sweating. 

5th. — ^The fever continues. 10 a.m., blood : annular and 

discoid Plasmodia in sluggish movement (dendritic forms) with 

littie grannies of pigment. A very small number of large 

aiDC&boid forms with indistinct outline. Several crescent-shaped 

forms, some in process of disintegration. A few pigmented 

^liite blood-corpuscles. 3. 15 p.m., high fever. Blood : there are 

B^ill a few Plasmodia with small granules of pigment ; also a few 

young Plasmodia without pigment. Temp., 4 a.m., 101*2^. 

7 a.m., ioi'6^ 12 noon, i02*6°. 4 p.m., i03'6°. 8 p.m., 

IO0-6®. 12 p.m., 99-4° P. 

6th. — The patient is almost completely free from fever, and feels 
well. 10 a.m., blood : several plasmodia with little granules of 
pigment, discoid and annular in shape, of medium size and also 
small, some in brassy red blood-corpuscles and in those tending to 
become brassy. Several adult crescent-shaped forms, with flagella. 
A few pigmented leucocytes. 3.30 p.m., fever ; a few discoid 
Plasmodia with granules of pigment, some in brassy red blood- 
oorpnscles. Several crescent-shaped forms, ovoid and round. 
Temp., 4 a.m., 99*2°. 7.30 a.m., 98*6°. 12 noon, 97*6°. 4 p.m., 
ior8®. 8 p.m., 102*2°. 12 p.m., ior8® F. 

7th. — ^Patient says that he felt very ill in the night. The 
fe?er continues. 9 a.m., blood : several discoid and annular 
forms with grannies of pigment. A few young annular forms 
withoQt pigment. There are endoglobular crescent-shaped 
forms, and also round free forms, as well as pigmented leu- 
cocytes. 5 p.nL., blood : the same. Sulphate of quinine, 
P grains, by the month. 

8th. — Cool. Condition good. The patient continues to take 
qniiune. 

Tliis is a case of summer tertian in which, when quinine was 
administered, a period of incomplete absence of fever supervened, 
fidlowed soon after by a recurrence. The tertian type is more 
deariy defined in the recurrence than in the original infection, in 
wliich the int^val without fever is very short and incomplete. 
(The miTiminni temperature is 99*2°.) The long duration of the 
parozysnui is explained by examination of the blood. In reality 
we find that the parasites develop in groups in such a way that 
during the paroxysm there are almost always adult forms {i. e. 
Plasmodia with granules of pigment) and young forms {%. e, plas- 
modia without pigment) at one and the same time. Neverthe- 
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less daring tHe period without fever preceding the paroxyBms 
only adalt forms in normal or brassy corpuscles are seen in the 
blood — a fact which bears witness to the presence of a single 
parasitic generation. 

Casb 9.^ — Oiulio M — ^ very able-bodied, comes from outside 
Porta Portese. Has had fever since August i8th ; it began with 
shivering, according to the statement of the patient, towards 
10 a.m., and continued without intermission until his admission 
into the hospital (10 a.m. on August 19th). 

August 19th. — 10.30 a.m., blood : several small plasmodia 
without pigment, mobile ; in shape annular and discoid. 3 p.m., 
blood : many annular and discoid plasmodia without pigment, 
in motion, and of different sizes ; there are also some rather 
large ones. Temp., 12 noon, 105*4^. 4 p.m., 104^. 8 p.m«, 

100-2° F. 

20th. — ^The fever has decreased during the night, without, how- 
ever, complete defervescence occurring. The patient feels a little 
better, but the headache continues. 8.15 a.m., blood: a mode- 
rate number of plasmodia of medium size, discoid and annular 
in shape, with granules of pigment ; some in red blood-corpuscles 
which are tending to become brassy. 10 a.m., the temperature 
rises again unattended with shivering. Blood : a few plasmodia 
with granules of pigment, almost all in brassy corpuscles ; one form 
with a small mass of pigment at the centre. An extremely scanty 
number of very young plasmodia without pigment, in motion 
(two in one preparation). 3 p.m., high fever, headache. Blood : 
still a very small number of plasmodia with granules of pigment. 
4 p.m., blood : a very limited number of plasmodia without 
pigment, in motion. 5.30 p.m., the plasmodia without pigment 
have increased in number ; they are annular and discoid in shape, 
and are in motion. Temp., 4 a.m., 101°. 8 a.m., ioi'3°. 
12 noon, 103* 1°. 4 p.m., 104*6°. 8 p.m., 103*7°. io«30 p.na., 
101*7°. 12 p.m., 103*7° F- 

2 1 St. — The patient has constant fever in the night, with 
headache. 8 a.m., blood : a few plasmodia without pigment, 
discoid and annular in shape, also mobile; some discoid forms 
are observed with indistinct outliue, in which the pigmentation 
appears to have begun ; some are in blood-corpuscles which are 
tending to become brassy. There are several pigmented white 
blood-corpuscles, also with small masses of pigment. 8.30 a.m., 
the patient is troubled with a sensation of cold. 9.30 a.m., 
blood : condition as above ; in addition there are some plasmodia 

' See Ohart II, tracing 11. 
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with very fine granules of pigment in red blood-corpuscles tending 
to become brassy. 3 p.m., blood : condition as above ; the forms 
are for the most part small, but there are some of medium size 
with granules of pigment ; also a few pigmented white blood- 
corpuscles, in one of which there is a form with pigment at the 
centre. 4 p.m., blood : condition as above. The pigmented 
white blood-corpuscles have become numerous, and most of them 
contain small masses of pigment. Temp., 4 a.m., 105*1^. 8 a.m., 
I04'9®. 9.30 a.m., 1047°. 12 noon, 105* 1°. 4 p.m., 102°. 8 p.m., 
98*6°. 12 p.m., 99' 5° F. 

22nd. — ^During the early part of the morning the patient feels 
pretty well, but the headache, although not severe, continues. 
8 a.m., blood : a moderate number of plasmodia, discoid and 
annular in shape, and mobile (though their movement is sluggish) ; 
all of them pigmented. As a rule they are rather large, bat 
there are also some small ones, about a third of the former 
in size. A very small number of young annular plasmodia with- 
out pigment. 9.45 a.m., blood : there is nothing abnormal to 
be seen but plasmodia with granules of pigment at the circum- 
ference, in less numbers than at the first examination. Some are 
in brassy red blood-corpuscles ; there are also a few pigmented 
leucocytes. 3.30 p.m., blood : a very few pigmented plasmodia 
in brassy red blood-corpuscles, also a small number of very young 
plasmodia, annular and discoid in shape, without pigment, and 
many white corpuscles with little masses of pigment. Temp., 
4 a.m., 98*3°. 8 a.m., 99'7°. 12 noon, ioi°. 4 p.m., 101°. 
8 p.m., ioi*3°. 12 p.m., 1027° F. 

23rd. — 8 a.m., blood : a moderate number of yoang plasmodia 
without pigment, in motion, and discoid and annular in shape ; 
only a very few have a somewhat indistinct outline. 10 a.m., there 
are many plasmodia without pigment, and also with granules of 
pigment of medium size, annular and discoid in shape, and mobile, 
some in red corpuscles which are tending to become brassy. 
Between 10.30 a.m. to 3 p.m. the patient was given 48 grains of 
sulphate of quinine by the month. 3 p.m., the fever has already 
considerably decreased. Blood : there are many plasmodia without 
pigment, and also with granules of pigment of medium size, for 
the most part annular and discoid ; the forms with granules of 
pigment or with granules of haemoglobin are in the majority. 
Temp., 4 a.m., 103*1°. 8 a.m., 102*2°. 12 noon, 101*5°. 4.30 p.m., 
101*1°. 8 p.m., 98*1°. 12 p.m., 96*8° F. 

24th. — Condition favorable. 10 a.m., blood : a few plasmodia in 
motion, discoid and annular in shape, mostly without pigment, but 
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some with yotj fine granules of pigment. Also pigmented lenco- 
cytes. 3 p.m.^ the patient was giiren i6 grains of sulphate of 
quinine by the month. Blood : a Tery few plasmodia without 
pigment, or with little granules scarcely visible, in red blood- 
corpuscles which are brassy or tending to become so ; also 
motionless forms, annular and discoid in shape. Temp., 4 a.m., 
97*4°. 8 a.m., 99*9° 12 noon, loi'y®. 4 p.m., I03"6°. 8 p.m., 

102'6^. 12 p.m., I02'2° P. 

25th. — 8 a.m., the fever is decreasing. 24 grains of sulphate of 
quinine given by the mouth. 9.30 a.m., blood : there are still a 
very small number of plasmodia with and without granules of 
pigment. 10.45 a.m., blood : a single plasmodium without pig- 
ment found in one preparation. Temp., 4 a.m., 99*5° . 8 a.m., 
ioo'6°. 12 noon, 99*7°. 4 p.m., 101°. 8 p.m., 99*9°. 12 p.m., 
97-9° F. 

Continues without fever during the following days, excepting 
slight and short elevations in the temperature which do not reach 
ioo'4° F. The patient continues to take quinine. 

On August 27th a few adult crescent-shaped forms are found 
in the blood, and a very small number of pigmented leucocytes, 
some also with small masses of pigment. 

On the 29th the examination of the blood gives a negative 
result. 

This is a case of summer tertian with prolonged paroxysms, in 
which we may see set before us one of the ways by which the 
fever can become subcontinued. Between the first and second 
paroxysms there is no interval without fever, the minimum tempe- 
rature being only 100*4^. Between the second and third paroxysms 
the apyrexia is incomplete and very short, the temperature scarcely 
touching 98*6° F. Owing to the action of 48 grains of quinine, 
taken during the third paroxysm, there is a complete intermission 
between the third and fourth paroxysms. The examination of 
the blood shows the existence of a single generation of parasites. 

Case 10.^ — ^Angelo B — , 28 years old, day labourer, had 
malarial fever for seven or eight months, eight years ago. He 
comes from outside Porta S. Pancrazio, where he has been for a 
week. On August 1 5th he had slight fever with headache ; on 
the 1 6th the fever increased; on the 17th, towards 6 a.m., he 
had shivering and high fever ; and to-day the fever has lasted 
since the morning. The spleen is becoming enlarged. 

August 1 8th. — 10 a.m., blood: some rather small annular 
plasmodia with granules of pigment ; a few with a small mass 

' See Chart IE, tracing 9. 
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of pigment almost in the centre, and many in brassy red blood - 
Gtorpascles. 3 p.m., blood : the parasites are as above, only more 
scanty ; there are a very few forms with a small mass and granules 
of pigment at the centre, in size from a sixth to a fourth of the red 
blood-corpuscle. The temperature rises rapidly without shivering. 
4 p.m., blood : the number of parasites continues to decrease ; 
in a preparation there are only two plasmodia with a small mass 
of pigment at the centre, one of which is in a brassy red blood- 
corpuscle. 5 p.m., blood : condition as above ; in addition there 
is a very limited number of very young plasmodia, annular and 
discoid in shape. The fever continues all through the night. 
Temp., II a.m., 100*7°. '^ noon, 100*7°. 4 p«Da«^ 104*4°. 
8 p.m., 103*3°. ^2 p.m., 103-6° F. 

19th. — ^Headache intense. Blood: a few plasmodia without 
pigment ; the annular and discoid forms are in the majority. In 
some Plasmodia very fine granules of pigment begin to be visible ; 
also some whit^ blood-corpuscles with small masses of pigment. 
9.4s a.m., blood : the plasmodia without pigment have increased, 
and some very small annular forms are visible, otherwise the con- 
dition is as above. 3 p.m., high fever ; the patient is in a state 
of agitation. Blood : a moderate number of plasmodia without 
pigment, of small size, the greater number annular in shape. 
4.30 p.m., blood : several discoid plasmodia without pigment, and 
a few with very fine granules of pigment ; also pigmented white 
hlood-corpuscles. Temp., 4 a.m., 102*2°. 8 a.m., 104*5°. 12 noon, 
105*6°. 4 p.m., 104°. 8 p.m., 103*1°. 12 p.m., 99*2° F. 

20th. — No fever. The patient feels much better. 3.15 a.m., 

blood : many pigmented plasmodia, discoid and annular in 

shape, with small granules at the circumference; some are in 

sluggish motion : for the most part they are of medium size ; some 

are in red blood-corpuscles which are tending to become brassy. 

Also a very small number of pigmented white blood-corpuscles. 

10.45 ^'^-f blood : there is a remarkable decrease in the number of 

the parasites ; otherwise the condition is as above. The paroxysm 

begins towards midday without shivering. 3 p.m., blood : there 

are still a few plasmodia with little grannies of pigment, annular 

and discoid in shape, in normal and brassy blood-corpuscles ; also 

a few white blood-corpuscles with pigment in needles and small 

masses. 4.30p.m., blood: there are only white blood-corpuscles 

with small masses of pigment. From 6 p.m. onwards the patient 

Was given 48 grains of sulphate of quinine by the mouth. Temp., 

8 a.m., 98*1°. 8 a.m., 98*1°. 12 noon, 101*5°. 4 p.m., 104*4°. 

<4 p.m., 104*2°. 12 p.m., 104^ F. 

6 
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2 1 at. — ^The patient feels better, the headache has decreased, 
and the fever tends to grow less in the morning. Sulphate of 
quinine, i6 grains, is administered by the month. 8.45 a.m., 
blood : a few discoid and annular plasmodia withont pigment ; 
also some pigmented white blood-corpnscles with little masses, 
3 p.m., intense headache. Blood: condition as above; some of the 
Plasmodia are in brassy blood-corpuscles. Sweating sets in, and the 
fever ceases in the night. Temp., 4 a.m., 103*3^. 8 a.m., 101*4^. 
12 noon, i04'4°. 4 p.m., 102*2°. 8 p.m., ioo'4°. 12 p.m., 99*4° F. 

22nd. — Complete freedom from fever. In the blood there is 
nothing abnormal except several white blood-corpuscles pigmented 
and with small masses of pigment. The patient continues to take 
sulphate of quinine. 

This is a summer tertian with a typical curve and a typical 
parasitic cycle. When the paroxysm is far advanced its curve is 
not modified by the administration of quinine. After the remedy 
has been given there appear in the blood a very small number of 
young parasites, which do not develop further. The pigmented 
white blood-corpuscles, and specially those which contain small 
masses of pigment, showing that the forms producing spores 
have become disintegrated, display a marked increase in number 
after the patient has been treated with quinine. 



CHAPTER VI. 

DIFFE&ENTIAIi DIAGNOSIS OP THE PARASITIC VAEIETIES AND THE 

MIXED INPEOTIONS. 

Differences between the quotidian amoeba and the amoeba of the 
summer-autumn tertian — Differences between the amoeba of the 
spring tertian and that of the stummer tertian — Distribution of 
the parasitic forms in the blood in the different types of fever 
— Instances of mixed malarial infection {stimmer and tertian — 
summer and quartan), 

§ 28. The points of resemblance between the amoeba of the 
sammer-antnmn quotidian and that of the snmmer-autnmn tertian 
are very numerous^ at the same time their differences are consider- 
able : both the former and the latter are shown in Figs. 34 to 55 
(Plate I) and Figs, i to 45 (Plate II), and we may therefore be 
allowed to dispense with a lengthy description. 
The differences are biological and morphological. 
Let ns say at once that the chief difference exists in the 
duration of the cycle of development^ which in the qaotidian is 
completed in about twenty-four hours, while in the summer 
tertian the period is forty-eight hours, more or less. Both this 
and the other differences have been pointed out in the description 
of the two varieties which we have given above ; but it may be 
worth while to repeat them here in the form of a brief summary. 
Differences in the pigmentation, — As Marchiaf ava and Colli have 
long since noticed, in the quotidian the sporulation on rare occa- 
sions is completed before the amoebaB have become pigmented ; 
whereas in the summer tertian we have never observed this fact. 
Further, the pigment, which is in fine granules at the circum- 
ference of the tertian amoeba, is sometimes seen to be endowed 
with oscillatory movements ; this we have not once noticed in the 
cjuotidian. 

Differences in the size of the amoeba.^-The tertian amoeba is 
usually larger than the quotidian at an equal stage in the 
development. In the tertian the adult pigmented forms may be 
SIS much as one third of the size of the red blood-corpuscles, and 
%he forms of fission may be as large as one half or two thirds 
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of it. The corresponding forms in the quotidian are considerably 
smaUer. 

Difference$ in the amceboid movements. — ^In the tertian these 
movements are maintained longer, even in the pigmented adnit 
forms; moreover the motion is more lively, and the amoeba is 
wont to assume different strange shapes, tlut>ugh the rapid pro* 
jection and retraction of the pseudopodia ; whereas the movements 
of the little quotidian amoeba during the pigmented phase are less 
active and lasting. 

Differences in the duration of the various life^hases in con/nection 
with the fever cycle. — The duration of the non-pigmented amoeboid 
phase in the tertian is very long, and may exceed twenty-four 
hours. Further, the forms of the young generation in the 
summer tertian usually appear in the blood several hours after 
the beginning of the paroxysm, — ^that is to say, much later than in 
the quotidian. 

The points of resemblance between these two parasitic varieties 
are so many that it becomes very difficult to make a differential 
diagnosis ; and this is only possible with the adult forms, espe- 
cially during the period of intermission, when the new paroxysm 
of fever is being prepared. As we have already pointed out, 
the amoeba of the summer tertian affects the red blood-corpuscle 
in the same way as the amoeba of the quotidian does, — ^that is to 
say, they both alike cause it to shrink, shrivel up, and waste away, 
while the colour of the haemoglobin becomes deeper than the 
normal. Further, the forms of the crescent-shaped phase are 
found in both varieties. 

§ 29. The points of difference between the amoeba of the 
common or spring tertian, and the amoeba of the summer-autumn 
tertian, are much more prominent than those which distinguish 
the amoeba of this last-mentioned clinical form from that of the 
quotidian. 

The differences are comprised ander the following heads : 

(i) The size of the parasitic forms, — The amoeba of the summer 
tertian, in corresponding stages of development, is always smaller 
than the amoeba of the common tertian. 

(2) The appearance of the parasitic forms. — The summer amoeba 
often takes the annular shape, which is not the case with the 
other, and has, moreover, a more clearly defined outline, so that 
it shows more distinctly than the other on the background of the 
red blood-corpuscle. 

(3) The characteristics of the pigment. — In the spring tertian the 
pigment is abundant, and almost always in motion ; but in the 
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summer tertian it is in very fine granules^ and relatively speaking 
scanty in quantity^ and arranged for the most part at the ex- 
treme edge of the amoeba ; it is^ moreover^ seldom mobile. 

(4) Ths changes produced in the invaded red btood-corptLScle,^-* 
In the spring tertian the corpuscle swells and grows pale rapidly^ 
while in the other tertian, as we have stated more than once, it 
tends to shrink and shrivel up, while the haBmoglobin becomes 
more deeply coloured than in its normal state. 

(5) The forvis of segmentation. — The process of fission 
is similar in the two tertians ; but the spores of the summer 
tertian are smaller, and, generally, less numerous than those 
of the common tertian. 

(6) In the common tertian there are very often seen, especially 
near the beginning of the paroxysm, flagellated forms deve- 
loping from the large round pigmented bodies of which we have 
spoken (see p. 10), but crescent-shaped bodies are never found. 

On the contrary, the bodies which belong to the group of the 
crescent-shaped forms (spindle-shaped bodies, round bodies with 
pigment shaped like a crown, crescent-shaped forms properly so 
called) represent a phase in the life of the amoeba of the summer 
tertian, in which the flagellated forms develop from the round 
bodies of this group. 

Another series of differences between the group of the summer- 
autumn fevers and the mild winter-spring fevers (quartan and 
tertian) arises from the varied distribution of the parasitic forms 
in the blood as it circulates during the different periods of the 
life-cycle. The amoebae of the quartan complete their whole life- 
cycle in the blood as it circulates, without accumulating by pre- 
ference in the vascular system of some of the viscera. 

In the spring tertian, throughout the entire phase of life in which 
the parasite is endoglobular, there are no noteworthy differences 
to be observed — as far as the amoebae are concerned — between 
the blood of the finger and that of the spleen ; on the other 
band, at the beginning of the paroxysms of fever, the adult 
forms, which have radically altered the red blood-corpuscle, the 
free pigmented bodies, and the forms of fission tend to accumulate 
in the spleen, as Bastianelli and Bignami have noticed.^ 

This accumulation is, however, not so great as not to allow one 
easily to trace the complete life-cycle of the amoeba, even if only 
the blood taken from the finger be studied. 

Lastly, this tendency of the adult and fissional forms to accu- 
mulate in the vascular system of some of the viscera is one of the 
' " SuUe febbri malariche primaverile," ' Rif. Med. Giugno/ 1890. 
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most salient facts iu the summer fevers. We* have always drawn 
attention to this as explaining the great difficulty encountered in 
the study of these varieties of parasite ; and as establishinga clear 
diffoi'ence between this group of fevers on the one hand, and the 
quartan and tertian on the other. If, for instance, the blood 
of a quartan patient be observed shortly before and during the 
paroxysm of fever, one is surprised to see that the young amoebse 
are always relatively few in number in comparison with what would 
be expected from the large amount of spore-producing forms 
found.^ Whereas, iu the summer tertian, while during the course 
of the attack the umcebce without pigment are as a rule extremely 
numerous, the forms producing spores, which may be found by 
studying the blood of the finger, are always remarkably scanty, 
and sometimes they are entirely wanting. The reasou of such a 
fact as this we have already discussed. 

$ 30. The above analysis leaves no doubt on the discovery that 
the amoeba of the summer tertian represents a variety of parasite 
which is totally distinct from tho amceba of the common tertian. 
On the other band, the points of resemblance which we have noticed 
between the quotidian amceba and the amoeba of the malignant ter- 
tian, which are so remarkable, make it very difficult to solve the 
question whether we have to do with different sorts of parasites in 
the strict sense of the term, or 'with one and the same parasite which 
varies greatly in the time of its development, so that between the 
two extremes — twenty-four hours (for the quotidian) and forty- 
eight (for the tertian) — there are all the intermediate degrees. If 
this theory be followed out, it becomes easy to ascribe the morpho- 
logical differences which we have explained to the varying length 
of the cycle of development. But to this hypothesis the following 
facts are opposed. In the first place, the two clinical types of 
the quotidian and tertian are clearly distinct from each other, and 
have a certain stability which is maintained in the relapses and 
recurrences. In the second place, we have never met with inter- 
mediate clinical forms which could not be referred to one or other 
of these two types ; neither have we ever seen forms of fever which 
conld be interpreted as constituting a transition stage between the 
ijBOtidiao and tertian, forms of transition which would be required 
by dke aecxuid hypothesis as a logical necessity. Only, as we have 
alreadj remarked, it may be a very difficult matter to interpret 
some of the irregular fevers. In any case, granting that the 

1 MaidiafiTa e Cdli. " Snile febbri maIu-ioh« predomin&nti nell' estate e 
BcD* satBsao iu Bobul," ' Aui Aixmd. Utd. di Boout,' 1890L 
t. dellao 
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question cannot at present be solved definitely^ wHen we remember 
that the typical forms of the quotidian and summer tertian are 
attended by clinical and parasitological characteristics which have 
been clearly determined, we are inclined to adopt the view that 
the amoeba of the quotidian and the amoeba of the summer 
tertian are closely related varieties of one and the same parasite. 

The same great resemblance is also seen between the quartan 
amoeba and that of the common tertian ; but, for the reasons we 
have already set forth, this does not interfere with the fact that 
they ought to be considered as distinct parasitic varieties. 
Between the quartan amoeba, which completes its life cycle in 
three days, and that of the quotidian, which develops in about 
twenty-four hours, there lies the group of tertian amoebae which 
complete their cycle in forty-eight hours, more or less. This 
group of amoebae comprises two varieties, one of which is con- 
nected by morphological and biological characteristics with the 
quartan amoeba, while the other bears in the same way a very 
dose resemblance to the quotidian amoeba, with which it consti- 
tutes the pai*asitic group of the summer-autumn fevers. 

We have seen that both in the quotidian and in the summer- 
autumn tertian there occurs a biological phase of the amoeba 
which is represented by the crescent-shaped bodies ; but this fact 
stands in no opposition to the theory above expressed, according 
to which the quotidian amoeba and the amoeba of the summer- 
autumn tertian would be varieties closely connected, but still 
distinct, of a single parasitic species. The analogy which exists 
on the one hand between the sterile forms of the summer-autumn 
tertian and the quotidian — to which we have referred — exists 
also on the other hand between the degenerative forms of the 
quartan and the tertian. If our hypothesis be correct, the 
former are represented by the bodies of the crescent-shaped 
phase, the latter by the large pigmented bodies which differentiate 
themselves from those that are approaching the spore-forming 
phase, and which become first vacuolated and then disintegrated 
into small hyaline fragments. For the rest, it is well known that 
all these degenerative or sterile forms have certain final phases in 
common, — ^that is to say, they may all emit gemmules, they may 
all become vacuolated and disintegrated, and they may all turn 
into flagellated forms. 

§ 31. By means of the facts ascertained it is possible to make a 
differential diagnosis of the manifold varieties of malarial para- 
sites ; but not only so, it is also possible, solely by examination of 
the blood, to determine whether we have to do with a simple or 
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complex fever, to foresee the approach of a fresh paroxysm, and, 
up to a certain point, to foretell the gravity of the different cases. 
For this parpose it is necessary to take account of the number of 
parasitic generations present in the blood, of the phase of life in 
which each colony o£ parasites is fonnd, and of the greater or 
leas amoant of amoebie discovered. 

But while it is a simple matter to form a jodgmeut on these 
facts in the case of the quartan and tertian, in the summer 
fevers it is rendered more diflScult by the necessity of taking 
account of all the possible different forms or phases of amcebEe 
fonnd at the same time in correlation with the development of 
the fever. To these varieties we have already drawn attention. 
It is only long practice that can give to the judgment of the 
observer the desirable certainty and precision. 

The same difficulty is met with in the study of the mixed 
malarial infections caused by the snmmer-antnmn amoeba and 
the quartan amceba together, or by that of the common tertian. 
In these cases, just in proportion as the study of the parasites 
yields a complex result, so also is the course of the fever complex 
and irregular. Here it is easy to predict the possibility of a very 
large series of combinations, caused by the number of the para- 
sitic colonies, by tha way in which their life cycles are, so to ssy, 
interwoven, &c. ; so that, as a resultant therefrom, the fever takes 
the most different courses — from the irregular intermittent fevers 
on the one hand, to the subintrant and subcontinned on the 
other. We will give as examples only two eases of this sort, in 
one of which quartan and summer parasites are found together, 
in the other spring tertian and summer amcebee.^ 

' Among the eoniponle intermittent fevers the ancients attAched great 
importance to Oalen'a levit-lertian or ^fiir^raiac. Tbie form of fever ia 
described bj bim us resulting from tbe nnion of an inUrrmitltnd lertian with 
IL eoalinuoiu qaotidian. It ia well known tbat the tbeor? regarding the 
origin of the li/wrpiraioe has been -considerablj modified by different writers. 
That, for instance, Turti supposes that tbe q/tirptmlec arises from a multiplex 
intermittent tei-tian (loc. cit., p. 390) 1 others speak of continaed tertian 
or of continned tertian accompanied by on intermittent quotidian, &c. 
Among the mixed infections which we have studied we have not met with 
any thermic curves to which, if we follow Galea's description, tbe name of 
semi-tertisn could be given ; all the curves we have traced belonging to this 
series of cases are irregular. As regards the curve proper of the summer 
tertian which we have described, this could only be mistaken for a com- 
posite intermittent, and consequently set down as similar to Galen's 
iiiitTpiTatoc by falling into the error of supposing tbat the different oscillations 
of tbe carve of a paroxysm represent different paroxysms which hare come 
closer together. We have already shown how it is tbat this int«rpretatioB 
cannot be admitted. 
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Casi I i.^ — Fontana Gr — , 19 years old, able-bodied, has recurring 

malarial infection. He came into the hospital on the third day 

of the recnrring fe^er; he states that he has fever every day 

without shivering. He was at work at Assalone. He is very 

pale and the spleen is becoming enlarged. 

September i8th. — ^Temp., 5 p.m., i02'4°. 8 p.m., 10 1 '5°. 
12 p.m., 99*9^ F. 4 p.m., blood : some quartan plasmodia as larg^ 
as two thirds of the red blood-corpascle ; also others from one 
third to one half of the red blood-corpuscle. In addition there 
are summer annular plasmodia without pigment. 

igth. — Temp., 4 a.m., 100*4°. 7«30 a.m., 99*6°. 10 a.m., gS'2^* 

\2 noon, 99*2°. 2.30 p.m., 98*3°. 4 p.m., 1037°. 8 p.m., 1027°. 

12 p.m., 102*2° F. 9.30 a.m., blood : several summer plasmodia, 

discoid and annular in shape, with granules of pigment ; some in 

brassy blood-corpuscles (forms of summer tertian). There are a 

few quartan forms almost as large as a red blood-corpuscle — a few 

also in the act of forming spores; in addition some pigmented white 

blood-corpuscles. 2.30 p.m., . sensation of chill. Blood : a few 

adult quartan forms, and one quartan producing spores ; also a 

few summer plasmodia with granules of pigment, and a very few 

pigmented white blood-corpuscles. 

20th. — Temp., 4 a.m., 100*4°. 8 a.m., 997°. 12 noon, 101*1°. 
4 p.m., 103*3°. 8 p.m., 99*4°. 12 p.m., 97*7° F. 9 a.m., a very 
few quartan forms, in size from a fourth to a half of the red blood- 
corpuscle ; also a very small number of summer plasmodia with- 
out pigment. 3.30 p.m., the patient feels ill and is agitated. 
Blood : condition as above. 

2ist. — ^Temp., 4 a.m., 97°. 7 a.m., 97*5°. 12 noon, 97°. 
4 p.m. ioo'8°. 8 p.m., 105*3°. 12 p.m., 103*5° P* 9*3^ a.m., 
blood: several summer plasmodia, discoid in shape and of 
medium size, with grannies of pigment ; also pigmented white 
blood-corpuscles. 2.30 p.m., blood : condition as above, flus a 
free pigmented sphere of quartan origin. 

22nd. — ^Temp., 4 a.m., 101°. 7 a.m., 100*6. 12 noon, 997°. 
4 p.m. 104*4°. 8 p.m., 98*6°. 12 p.m., 102*2° F. 10.30 a.m., 
blood : a very few mature quartan forms ; also pigmented white 
blood-corpuscles. No summer plasmodia are seen. 3.30 p.m., the 
P^^t appears distressed, and complains of headache. Blood : 
^▼eral amceboid forms without pigment, annular and discoid in 
^luipe. One qnartan form in the act of spore production. Sulphate 
of quinine, 32 grains, administered by the mouth. 
23rd. — ^Without fever in the morning. 10 a.m., blood : some 

^ See Chart m, tracing 19. 
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annular plasmodia without pigment, also some in red blood- 
corpuscles which are tending to become brassy. In the afternoon 
the patient has slight fever. He is free from fever till September 
26tb, the day when he leaves the hospital. 

This is a case of mixed infection caused by the parasites of the 
summer tertian and of the quartan. The result is an irregular 
fever which tends to become subcontinued during its last days 
when the treatment by quinine intervened. The matter becomes 
clear if it he observed that before the fever produced by the 
parasitic generation of summer tertian ceases the formation of 
spores of the quartan forms begins. 

Case i3.' — Luigi B — . This patient had malarial fever some 
years ago, and now has had, according to his own statement, 
continuous fever for four days. 

September 12th. — 4.45 p.m., blood : several discoid and annular 
Plasmodia without pigment and in motion, many of medium size. 
A few mature tertian forms; also a few pigmented white blood- 
corpuscles. Temp., I p.m. J 105"!°. 4 p.m., i05"5 . 8 p.m., 
los's". 12 p.m., 100-4° P- 

23rd. — Temp., 4 a.m., 99*5°. 7.30 a.m., gg'S . 12 noon, 
97-6°. 4 p.m., gS'i". 8 p.m., 99'9°. 12 p.m., 104° P. 9 a.m., 
blood : several discoid and annular plasmodia in motion, with 
very fine granules of pigment. (As a rule they are of medium 
size, and are clearly summer forms.) A very few forms with 
pigment collected together eccentrically. Also a small number 
of Plasmodia iu brassy corpuscles, and a few tertian forms 
{spring), in siae between one third and two thirds of the red blood- 
corpuscle. 10 a.m., blood : the parasites are the same as above, 
but less in number. 3 p.m., blood : the same j also a very few 
white blood -corpuscles with small masses of pigment. 

24th. — Temp., 4 a.m., 102°. 7 a.m., io2'4°. 12 noon, 101 . 
4 p.m., 99°, a p.m., ior3°. 13 p.m., 99-4 F. 8.30 a.m., head- 
ache. Blood : a few amceboid forms annular in shape, in motion 
and without pigment, both of medium size and small. 3 p.m., 
the fever tends to decrease, and the patient feels better. Blood : 
there are plasmodia without pigment, annular in shape and in 
motion. Some, which are also in motion, display granules of 
hsemoglobin as well as very fine granules of pigment. Several 
pigmented white blood-corpnscles. 

25th. — Temp., 4 a.m., loz". 7.30 a.m., 99°. 12 noon, ioo'6 . 

4 p.m., I04'7°. 8 p.m., 104'5°. 12 p.m., io2'2° F, S. 30 a.m., 

the patient feels better. Blood; a moderate number of discoid 

' See Chart III, tracing 30. 
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Plasmodia in motion, with granules of pigment at the circum- 
ference (summer tertian forms) ; there are also tertian forms 
(spring tertian), as large as two thirds and more of the red blood- 
corpuscle. They are but few in number. 3.30 p.m., a small 
number of plasmodia with granules of pigment at the circum- 
ference (summer tertian forms). 4 p.m., blood : a few pigmented 
discoid Plasmodia. Also similar forms in brassy blood-corpuscles, 
and several very young annular plasmodia in motion. In addition 
tertian forms (spring) almost mature, and several pigmented 
white blood-corpuscles. Sulphate of quinine, 32 grains, adminis- 
tered by the mouth. 

26th. — ^Temp., 4 a.m., ioi"8°. 7.30 a.m., 100*3°. '^ noon, 
IOO-8®. 4 p.m., 101°. 8 p.m., 99*9^ 12 p.m., 99*9° F. 8 a.m., 
sulphate of quinine, 16 grains, administered by the mouth. 
10 a.m., blood : several plasmodia without pigment, annular and 
discoid in shape, and endowed with very rapid motion ; also pig- 
mented white blood-corpuscles. 3 p.m., blood : a few plasmodia 
without pigment, for the most part in brassy blood-corpuscles ; 
also pigmented white blood-corpuscles. 

27th. — The patient is free &om fever and very weak. He 
continues to take quinine. 

This is a case of mixed summer and spring infection (there 

are spring tertian forms), and it will be seen that the intervals 

between the paroxysms are not complete during the period from 

the 24th to the 25th of September. The parasites are found to 

be composed of a generation of summer plasmodia together with 

a few forms of spring tertian. Bearing in mind this complex 

state of things, and this tendency of the periods of intermission 

to become badly marked, we may suppose that if the remedy 

had not been given the fever would have become really subcou- 

tinned. 



CHAPTER VII. 

MALIGNANT FEVERS. 

The most frequent forms of malignancy in the Roman Campagm 
Classification of the complicated (comitatse) malignant infectionif 
according to the type of fever — Malignant paroxysm (complin 
cated), short and protracted — Subcontinued malignant infections, 
and their origin from the summer tertian and from the quotidian 
— Condition of the paramtes in the malignant fevers ; malignant 
infections determined hy one or by more generations of amoehm — 
In the malignant fevers the examination of the blood never gives 
a negative result — There are no constant differences between the 
complicated and the subcontinued infections as far as regards 
the condition of the parasites — Causes of malignancy inferred 
from examining into the biological condition of the parasites-^ 
Abundance of parasitic forms in the malignant fevers — Activity 
of reproduction, and toxic properties in the summer- autttmn 
amvebae — Varied resistance of the parables to the action of the 
salts of quinine — Elements for forming the prognosis in the severe 
fevers drawn from the examination of the blood — Distribution 
of the 'parasitic forms in the vascular system of tJie different 
viifcera in fatal cases — Pathogenesis of certain malignant sym^ 
ptoms, and specially of coma ; anatomical and pathological 
lesions of the brain in the comatose malignant infection of the 
intestines in choleraic malignancy, 8fc, — The changes of the 
blood in the malarial hsemoglobinuria — Examples of the prin^ 
cipal forms of malignant fever. 

§ 32. The group comprising the malignant malarial fevers may 
be studied from the point of view of the culminating symptom 
which gives to the clinical picture its characteristic aspect^ or 
they may be studied from the point of view of the course which 
the temperature takes^ or from that of the parasites as found in 
the blood. The classification of malignant fevers according to 
the culminating symptom^ as determined by Torti^ has been 
adopted by almost all writers^ and he remains entirely unsurpassed 
in the clearness of his descriptions, and in the acumen and exact- 
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As regards the type of fever, all the malign&Dt cases which 
op to the present bare been studied belong to the gi^np of the 
«ii miner- autumn ferers, which is divided into two types, the qao- 
tidian and the tertiau ; hence it would appear natural to arrange 
the " complicated " fevers in two classes, as follows : 

(a) The malignant tertian. 

(E>) The malignant quotidian. 

We may add that the •majority o/ moZi^Tiant fevers most be 
ascribed to the summer-autamn tertian, and only a few to the 
quotidian. 

The duration of the malignant paroxysm may vary : it may 
l>e (a) thort, and within certain limitB nearly the same length as 
the typical paroxysm, tertian or quotidian ; [b] protracted for two 
or three days with continued fever, the chart of which shows 
r«mitt«ut periods more or leas pronounced. In this case, after 
the ill term iKsioD, the malignant paroxysm [e. g. the comatose) 
appuars, and the fever with coma lasts two or three days. The 
i«iiuct may be favorable aa well in the first as iu the second case ; 
on Ihcs other hand, it is well known that the intermittent malig- 
nant fevers may be fatal during the first paroxysm, while, in 
other naHc-H, different malignant paroxysms follow each other 
at Hhort intervals without making recovery impossible ; as, for 
instance, a case of quotidian which we shall mention, with two 
malignant paroxysms, ending in recovery (see Case 23).' There 
is, however, a series of cases which must be carefully distiuguished 
from that group of the " complicated " malignant fevers in 
which both the symptom that stamps the disease as malignant 
and the fever lasts for some days. We refer to those instances 
in which a malarial fever without clear periods of intermission 
grows progressively worse, and presents a complex picture of 
symptoms, among which one or more of those symptoms that 
characterise the " complicated " fevers may be more or less 
marked, without at the same time any single one of these pre- 
dominating to such an extent as to constitute by itself alone the 
clinical characteristic of the case. (This is Torti's "simple" 
mnli^utml fever — " solitaria."] 

It is well known that in this series of cases the malarial fever 
may begin as subcontinned {subcontinua d'emblee, i. e. snbcon- 

' We refrain here from giving descriptions of the clinical forma of malig- 
nant fevers becsose tliie conatitut^B no port of the plan of our work ; mone- 
over in the eeriei ofcaaea which are givun ut the end of the present chapter 
the most common forma are recoantod in detail. 
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tinned at tlie first onset) ^ the parasites being found in a complex 

condition^ or else it may become subcontinned gradually as the 

periods free from fever become badly marked ; while as regards 

the parasites we find that the state of things which was at first 

simple now g^rows complex. 

We shall briefly consider the coarse of the temperature in 
these cases^ and parallel with this the condition of the parasites. 
It seldom happens that we who possess the specific remedy 
for malaria can observe typical and prolonged curves of malarial 
{ever in which the individual paroxysms are not separated by com- 
plete intermissions. This is because these fevers are generally 
serioasi and compel the physician to administer quinine promptly. 
In spite of this dearth of material we can still form an idea of the 
way in which the malarial fevers become continued if we observe 
kw the paroxysms in fevers of medium gravity are characterised, 
and how they succeed each other ; we have already noted the 
tendency the paroxysms have in these fevers to become antici- 
pating and prolonged. 

We have mentioned above that there are cases of subcontinned 
feyer (though they certainly are not frequent) which belong to the 
group of spring fevers ; but these, notwithstanding the course of the 
temperature, are never so serious and fraught with danger as the 
sammer-autunm subcontinned ones, nor have we ever met with 
a angle case of the former which has terminated in death. 

But we shall only now consider the summer-autumn subcon- 
tmned fevers, and especially those which have their origin in the 
rammer tertian. It is precisely because the subcontinned fevers 
of this group are usually malignant that they have their place 
in tiiis diapter. 

The sammer tertian may assume the form of a continued fever 
in many different ways. 

We have already drawn attention to the prolonged paroxysms 
•nd to their probable origin. If these paroxysms are so far protra>eted 
^ they become conjoined the fever will become continued. In this 
c^ it often becomes difficult, if the thermic curve alone be 
examined, to determine the fundamental type of the fever, and 
^ separate from each other the individual paroxysms, in which it 
is often impossible to distinguish the initial from the pre-critical 
elevation. Here also we are helped by an examination of the blood. 
But even in these cases where the original infection is accompanied 
by fever which is subcontinned through the prolongation and 
^'^ivmetion of the paroxysms, in the recurrence the fever may be 
^ simplified and become clearly tertian. 
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In the second place, the paroxysms may become prolonged and 
aniicipafing to such an extent that one begins before the other has 
finished. Both the thermic curve and the condition of the para- 
sites are usually complex in a case of this sort. The cnrve 
geneniily shows a series of elevations occurring near together 
(three and even four in twenty.four hours), and we must interpret 
these as the thermic oscillations of a single paroxysm, sach as are 
commonly found in the typical chart of the summer tertian. The 
results obtained from the examination of the blood are opposed 
to the hypothesis that each elevation of temperature represents a 
fresh paroxysm. The beginning of every par oxy urn is in reality to 
be discerned by the prevalence in the blood of the mature parasitic 
forms. 

These fevers which become continued through suhintrant parox- 
ysm/i may be very severe and malignant, just as those in which 
the subcontinuity is produced by other means,^ 

' The dietinctioD of the suhintrant from the eabcontinved fevers is trace- 
able, as is well kaown, back to the old writers, and Torti issiats much on the 
importance of it. However, this excellent observer, as we have remarked in 
the historic sketch, while admitting that the aubintrant fevers ma; "progredi 
ad inali^Uatem uientialem alquc pcriculotam," neverthelees maintained that 
the enbeonli'aua, that is to aaj. the fever, " qu/e continuilatem aequiril «iniul 
atqtie aculiem," becornea aucb "per viam paroxysmorum t>d>ingredieatium." It 
naa the gravity of the symptoms more than the course of the fever which 
gave the stamp of mahgnancy to the subcontinued fevers. The onset of tha 
snbintrant paroxysms takea place in the summer-autumn fevera just as in the 
quartan and spring tertian. In th«8e latter the subintrant character ia clear 
on the most simple clinical examination through the alternate succession of the 
symptoms which characterise the different stages of the single paroxysm ot 
fever, aucb as shivering, sweating, &c., and there ia no malignnncy ; ao that 
in these aubinti'ant attacks we have to do with Torti's beniffna continuilan. 
Whereas in the summer-autumn fevers the aubintrant paroijsms, which are 
both prolonged and anticipating, are not often capable of being recognised, 
inasmuch as the symptoms characteristic of the various stages of the attack 
may be entirely wanting ; so that these paroiysins become recofruisable solely 
from a combined study of the temperature chart and of the parasites found 
in the blood. Theae subintrant fevers, unlike those in the quartan and spring 
tertian, may be malignant, and Torti put them among the malignant 
subcontinued fuvcra, aa is shown by the caaea cited by him. Owing to these 
conaidcratious and the difficulties which ai'iae in practice when we wish to 
diatinguiah the various ways by which continuity is established in the group 
of the Bummei'-antumn fevers, we proposed in our preliminary monograph to 
call all the fevers of this group subcontinued in which the intermittence was 
loat, however this may have originated and whatever the gravity of the 
fevers may have been, notwithstanding that several authors maintain that 
the aubintrant fever ia always a mild one, and the subcontinued always 
malignant. But we cannot help repeating that, as far as all the facta which 
we have observed and explained lead us, tliis distinction between the anb- 
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In the third plaoe^ the snbcontinaed fever may arise from the 
doubling of a summer tertian, two parasitic generations or colonies 
appearing in the blood. If we remember the long duration of 
the paroxysm in the snmmer tertian, it is easy to understand how 
it is that the attacks in these cases are sabintrant or overlapping, 
and the type of fever difficult to recognise. As a rale, the fever 
grows rapidly worse, so that it is impossible to follow its deve- 
lopment except for a short period. 

The mixed tertian and quotidian infections lead to the same 
resalt. Two parasitic generations are sufficient, the one develop- 
ing in forty-eight hours, the other in about twenty-four ; for then 
every interval without fever between the paroxysms disappears. 
In these cases also the thermic curve is difficult to interpret. 

It follows from what has been said that, in the greater number 
of cases, the doubling of the summer tertian (the presence of two 
generations of parasites) is sufficient to produce a snbcontinued 
fever. This is almost always seen in the so-called ^^ comitatSB '^ 
malignant fevers, in which the course of the fever becomes sub- 
continned, through the presence of more than one parasitic gene- 
ration, and, in the vast majority of cases, of two generations alone. 
In these instances the thermic curve shows a series of elevations, 
varying in number, during the twenty-four hours, on account of 
which it often becomes impossible to recognise the fundamental 
type of the fever. 

To sum up the preceding, the summer tertian may become 
continued (tertian subcontinued fever) in various ways : 

(i) By the prolongation of the paroxysms. 

(2) By anticipating and subintrant paroxysms. 

(3) By the doubling of the paroxysms (double tertian), with- 
out the attacks losing their individuality and becoming unrecog- 
nisable. 

(4) By the multiplication of the paroxysms due to the pre- 
sence of more than one parasitic generation, generally two ; by 

oontinned and subintrant fever from the point of view of malignancy does 
not, as a matter of fact, correspond to the reality. It is necessary to take 
oeooiifU of the parasitic varieties, and to draw a distinction between the sub- 
intrani fevers which belong to the quartan and tertian group and those which 
heUmg to the group of the summer 'auiumn fevers. The sabintrant fevers of 
the first group (i. e. the quartan and tertian) are mild, those of the second 
(the snmmer-aatumn fevers) may be malignawt. If the simple intermittent 
fevers in the summer-autunm group may be malignant {malignant quotidian 
amd maligna^ tertian) it is incredible to suppose that an intermittent 
belonging to this group, having subintrant paroxysms, cannot be in its turn 
malignant. For the rest facts prove that this can be so. 

7 
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this process we get doable tertians in wliicb the attacks have lost 
their own in diri duality by being prolonged and overlapping. 

(5) By mixed infection — tertian and qnotidian. The quotidian 
/ever, in the majority of cases, loses its intermittence by the pro- 
ioDgation of the paroxysms. 

Now if we consider, od the one hand, that the malignant 
infections may be attended by intermittent, snbintrant, and aub- 
continaed fevers, in an order of freqaency which rises from 
the intermittent to the continned fever, and if we remember, on 
the other hand, that the same types of fever are found in non- 
malignant infections, we must conclude that there is no type of 
fever which is necessarily malignant (and this agrees with what 
is known of all the other infections, in which there is no thermic 
curve existing to dietingnish the serious and fatal forms from 
those which are less serious and not fatal) . This, however, 
does not prevent our having to rank the subcontinned fevers, in 
order of frequency, among those which are highly dangerous ; 
and this is especially true of those subcontinned fevers which 
are produced by more than one parasitic generation. It is pre- 
cisely these forms of subcontinned fever which Baccelli has thrown 
light upon, and to which we have called attention at the begin- 
ning of this work. 

§ 33. In order to interpret the complex curve of these fevers, 
it is necessary to make an awicurate examination of the parasitic 
cycle. Inasmuch as there is a direct correspondence between the 
development of the life cycle of the amogba, and the changes in 
the fever, it follows clearly enough from what has been said with 
regard to the way in which the fevers become complicated, and 
as regards the different fluctuations of the temperature, in the 
malignant infections, that the condition of the parasites onght 
also to vary. And so it does in point of fact. 

In the malignant infectious which are accompanied by an inter- 
mittent fever, quotidian and tertian, the examination of the blood 
shows the presence of a single generation of amoeba : cases of this 
sort are not frequent, and we have observed only a. few instances. 
(See Case 17.) But that such cases do exist has been proved by 
examination carried out on all the organs, in examples of malig- 
nant fever terminating fatally, and where, consequently, the in- 
vestigation could be made in the most thorough way. How- 
ever, in the vast majority of cases we have to do with more 
complex conditions, and we may divide them into three groups. 
{]) We find a single generation of parasites, in which the deve- 
lopment and especially the sporulation of the forms take a period 
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of many hoars to complete^ while there is at the same time not 
snch a distance between the more advanced parasitic forms and 
those loss forward in development as to warrant us in admitting 
the existence of more than one generation ; or (2) we find two 
generations of parasites^ whose life cycle may be clearly followed ; 
or (3) we meet with amcebsd in different degrees of development 
at different periods in the fever^ in sach a way that it becomes 
impossible to distinguish the various groups or colonies and trace 
their growth. Judging from our experience during the last few 
years, cases belonging to the second group would appear to be the 
most frequent. 

We will now briefly illustrate these points. 

We have already spoken of the so-called prolonged parox- 
yama, and have endeavoured to determine their origin. Now these 
are precisely the cases in which the examination of the blood 
makes us suppose that the evolution of the adult forms takes 
place successively, in groups, and not in a short period of time, 
as happens in the typical attacks of fever. Nor is it possible to 
speak of the presence of more than one generation of amcebsB, 
because the intervals between the initial and deferred sporulation 
last but a short time, and all this takes place during the course of 
a single paroxysm. 

An instance of subcontinued fever caused by a single parasitic 
generation, in which the multiplication occurs successively, during 
a period of several hours (even twelve), is found in the subcontin/ued 
by prolongation of the paroxysms. 

On the other hand, we speak of two generations of parasites, 
only when, on the blood being examined, it is possible to follow 
two groups of forms, which mature (or sporulate) successively, but 
with rather long intervals, and in two distinct groups, in such a 
way that the two life cycles may be clearly recognised and traced 
out, — as happens, for instance, in the double tertian. It must be 
remembered that even in the typical summer tertians the adult 
pigmented forms sometimes continue to be seen in the blood, 
daring the whole course of the paroxysm, along with the forms 
of the young generation ; but during the apyrexia the position 
l>ecomes simplified, and in the six or twelve hours which precede 
the new paroxysm only adult forms are found (t. 6. plasmodia 
pigmented at the circumference and corpuscles with pigment 
collected at the centre). This fact shows that there was only one 
colony of parasites involved, in which, however, both antici- 
pating and deferred sporulations took place. The same thing is 
seen in the prolonged paroxysms, although more pronounced. Now 
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the first accompaniment of the complication of the fever curves 
is the combined presence of young forms (plaamodia without pig- 
ment) and adnlt forms in the incomplete ap;r'reria which precedes 
a paroxysm. 

Under these circamstances the periods of apyrexia are aauftlly 
incomplete and short, and the fever tends to become snbcoatinaed 
through the presence in the blood of two generations of parasites. 

Of the two generations one ia frequently preponderating in quan- 
tity, and then the fever curve has a clear resemblance to that of 
the typical cases, and it is easy for a period of continued fever 
to be followed by one in which the paroxysms are distinctly inter- 
mittent. This may occur spontaneously, when the generation of 
parasites is scanty and disappears ; or it may be determined, arti- 
ficially, when the amoebaa disappear under the action of quiniue. 
On the other hand, it more frequently happens that the two para- 
sitic colonies develop vigoronsly in two distinct groups, in such a 
way that when one group is approaching sporulation, the other is 
composed of young amoebae in process of growth. The two 
colonies may belong to the same parasitic variety or to two dif- 
ferent ones (for instance, to that of the tertian and of the summer 
quotidian] . 

Bignami' has already drawn attention to this fact, — that is to 
say, to the presence of parasites in different stages of developmeDt 
in the majority of cases of malignant fever, and he connects it 
with the extreme gravity of these infections, and with the sub- 
continued course of the fever. The oases which we detail in the 
sequel only coufirm this opinion afresh. If we bear in mind what 
has been said about the cnrve of the summer tertian and the 
life cycle of the tertian amoeba, it is easy to understand how the 
presence of two generations of amoeba in this group is more than 
sufficient for the fever to become subcontinued. The matter is 
otherwise in the group of spring fevers. Thus, for instance, it is 
not difficult to perceive (as Antolisei has observed) how in the 
subcontinued fever of quartan origin there might be seen forms 
i'h all utages of devetopme'it in one and the same preparation of 
blood. It is clear that here we have to do with subcontinued 
fever, in the strict sense of the tertn, caused by multiplication of 
the paroxysms, as proved by Baccelli. 

Similar to the preceding should be counted those cases which 

we have classed under the third group, and which always belong 

to the summer-autumu fevers ; we mean those malignant fevers 

' '■ Anat. patol. delie Pemic," p. 34 of the extract, ' Atti della Accademia 

Hedica di Roma,' 1S90, 
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in wliioli the examination of the blood shows the presence of 
parasites in all phases of life, daring the various moments in the 
development of the fever, while at the same time it is impossible 
to trace ont different groups qnite distinctly, and determine their 
life cycle. The fever accompanying these infections is of coarse 
subcontinaed. 

§ 34. It follows, as a consequence from all we have said, that in 
these complex fevers, whether caused by two or more parasitic gene- 
rations, or by one alone (in which case the adult forms usually con- 
tinue to multiply for a rather long period) there are, as a rule, 
not even short intervals in which the condition of the blood is 
negative ; unlike the typical summer tertian, where, from what 
we have seen, this may occur. The knowledge of this fact 
enables us to assert that the microscopic diagnosis of malaria is 
much more certain in serious cases than in those of medium gravity 
and where the fever is regular.^ 

' NoTB. — Daring the summer in Rome cases of severe infection may be 
observed with symptoms which are for the most part cerebral, and which are 
even now regarded by nearly all physicians as cases of malaria, and named 
in different ways, e. g, lethargic or delirious malignant fevers, snbcontinued 
fevers, &o. The clinical study of these cases is incomplete; in those 
observed by ns the disease has run a short course — a week or a little more. 
The fever continues, but with noteworthy remissions, or even with real but 
short intermissions ; the cerebral symptoms, which are serious from the first 
b^^inning of the disease, consist in some cases in an incoherent delirium 
accompanied by great agitation which lasts till death ; in others we find a 
state of lethargy or coma ; the spleen is generally not so much enlarged that 
the swelling can be clinicaUy diagnosed ; the abdomen is usually flattened. 
The mine may be albuminous. The examination of the blood shows that 
the malarial parasites are wanting as well as the melaniferous leucocytes. If 
these symptoms persist death ensues, the patient being in a state of collapse. 
Now, both because some of these cases come from places which are intensely 
malarial, and because the clinical examination points to the improbability of 
a typhoid infection, a meningitis, &c., many physicians find the idea of a 
malignant malarial infection so suggestive, owing to the aspect of the 
patients, the symptoms, &c., that they do not abandon it, although the salts 
of quinine are manifestly useless, and the examination of the blood gives a 
negative result. During the last few years Marchiaf ava has made autopsies 
of some such patients in the hospital of San Spirito ; and this year two 
post-mortem examinations have been carried out by Professor Ferraresi and 
Bignami in the hospital of San Giovanni on women brought from Dr. 
Pelizzari's division. 

It is noteworthy that one of these came from a house outside Porta San 
Giovanni, the other irom. Pratica di Mare, a place intensely malarial. The 
autopsy showed in these cases a cerebral hypersmia of varied intensity 
without lesions of the meninges ; the heart flabby, with the ventricles dilated 
and full of fluid blood; bilateral pulmonary hypostasis; the liver of 
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5 35. If after this we take the facts which have been determined 
with regard to the condition of the parasites in the malignant 
infectioDB and attempt to put them in connection with the 
variouB clioical forms, at the same time keeping to the classical 
grouping of these fevers, we cannot avoid the conclusion that, 
from the point of view of the parasites as we find them, there 
does not exist any sharply defined boundary between the so- 
called "complicated" malignant infections and those that are 
eabcontiDued in Torti's sense. 

As we have said, there are certain " complicated malignant " 
intermittent fevers in which enormous quantities of parasites are 
found, all in the same stage of development in the blood of the 
living person, and after death in the spleen and bone marrow. 
But in a large number of the "complicated malignant" fevers 
[e. g. the comatose, the delirious, the bulbar, the choleraic, &o.) 
we find in the blood two, and rarely more than two genera- 
tions or colonies of amcebfe — that is to say, the very same state 
of things as constantly occurs in the subcoutinoed fevers. 
Therefore one of the fundamental facts, and probably one of the 
factors which are of the greatest importance in determining the 
malignancy, is common to the two classical divisions of malignant 
fevers. This explains, in our opinion, why it is that in so 
many cases the " complicated malignant " infections are attended 
with a continued fever, and why the malignant aubcontinued infec- 
tions show in their turn, in a more or leas pronounced manner, one 
or more of the symptoms characterising the " complicated malig- 
nant." 

In a word, this classification is very useful for nosography and 
for practice, although, as Torti himself admits, it leans a littlo 
on the scholastic exigencies of the time,' but it does not corre- 

nonnal size and flabby, the aectional HuperficeB being of a yeUowish-grej 
colour and dried-up appearance; tbe spleen a little enlarged; the kid* 
nejs with aigne of cloudy swelling of tbe cortieal substance; tbe BerouB 
caTities normal ; the pharyni, the laryni. the stomach, and the intestines in 
normal condition, except that in some parte there waa byperfemia of the 
mncoiiH membrane and a alight degree of catarrh ; so that not only the 
eiaminatioii of the blood in life but alao the anatomical and pathological 
condition in these cases exclude the posBibility of malariai infection. Every- 
thing leads one to suppose that here we have to do with an acute infection 
about which we as jet know nothing. Hitherto we have bad no opportunity 
of making bacteriological researches, as we have beennnable tocaiTjont the 
autopsies under favorable conditions. We wish, however, here to draw atten- 
tion to these facts, which owing to their obscurity are the canse of freqoent 
mistakes of diagnosis in malarial countries. 
' Torti, i. p. 373. 
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ajHrnd^ as we liave seen^ to etiological data^ except imperfectly 
and incompletely. 

§ 36. It remains then to inquire what elements these data 
famish ns with in view of the judgment we may be able to make 
concerning the causes of the malignancy of these malarial infec- 
tions^ and^ in the second place^ what elements we obtain from 
them as a help towards forming a prognosis of the serious fevers. 
From what we have already said^ certain facts connected with 
the condition of the parasites are made clear — facts which must 
be considered as factors in the serious course these fevers take^ 
and which^ from the etiological point of view^ account for the 
phenomena of malignancy. First and foremost in the cases 
which have been studied up to the present we see that malig- 
nancy coincides with an exceptionally abundant quantity of par a^ 
9%tte forms, a quantity much more abundant — where the cases 
terminate &tally — in the blood of the viscera than in the blood 
of the finger. Bignami has already drawn attention to the fact 
tbat ''the contradiction so often found in life between the 
number of parasitic forms^ the gravity of the disease^ and the 
degree of anaemia^ disappears in the vast majority of cases^ 
vrhen all the organs can be examined at the autopsy .^^ 

Secondly, we must bear in mind the fact constantly confirmed 
by fresh experience which proves that the malignant infections 
are for the most part produced by two and rarely by a larger 
dumber of parasitic colonies that give place, in a relatively short 
space of time, to invasions of young amoebae which succeed each 
other, and draw nearer and nearer to each other ; here we have a 
caose of the progressive course of the infection and of the insuflS- 
cnency in many cases of the specific remedy which, as clinical expe- 
Tience teaches us, is not equally active against the different phases 
of the parasite's development. We know, however, that this 
fact of successive invasions of young amoebae, tending to approx- 
imate to each other — invasions which are caused by the presence 
in the blood of two or more parasitic generations — may occur 
also in the group of fevers which we have named spring, 
"a potiori** without these fevers ever becoming malignant. 
Hence^ as &r as the origin of malignancy is concerned, this 
circumstance is only of importance in the group of summer-autumn 
fevers, from which, exclosively, the malignant infections arise. 

It is in the biological properties of the amceb® of this taut 
group that we must unquestionably look for the fondamental 
&cts which are the cause of the malignant coorse of the diseasi; ; 
and two of these biological propertiirs strike as at one'; if w#; 
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compare them with what ia aeen in the common quartan i 
tertian ; we mean the greater acUvity in propagation and the 
higher degree of virulence. 

The greater activity in multiplication. As a matter of fact, in 
the majority of the malignant infections an enormous invaBton of 
parasites takes place, whereby the capillaries of certain organs, e. g. 
the brain, are so filled with amcebiferous red blood -corpuscles that 
often none but a few normal ones can be found, and this sufficiently 
proves the prodigious power of propagation which the parasites of 
this gronp possess. Moreover, in the infections of medium gravity 
the attention of the observer is immediately attracted by the great 
quantity of young amoebfe which invade the blood ai every 
attack of fever after the fission of the adult forms has taken place ; 
a quantity which has no counterpart in what the vast majority of 
quartans and lertiana have to show. Hence the chief cause of 
the rapidly progressive course of these infections must un- 
doubtedly be attributed to the great biological activity displayed 
by the summer-autumn amcebm. 

In spite of this remarkable reproductive energy every one knows 
who has studied these fevers that it always remains difficult to find 
forma of fission in the blood of the finger, especially in the fevers 
of medium gravity. Indeed this is the reason why the recon- 
struction of the life cycle of this variety of hsematozoon has been 
accomplished with such difficulty, and it has only been successful 
when the examination of the blood in life has been combined with 
the study of the different viscera in cases of fatal malignancy. It 
may be said that only in the serious infections does it happen that 
a few rare sporulating forme are found in the blood of the finger. 
To explain this fact it is necessary in the first place to bear in mind 
the mechanical reasons owing to which the adult forms and those 
in a state of fission tend to accumulate in the vascular network of 
certain viscera ; and, secondly, we must suppose that this variety 
of bsematozoon requires but a very short period of time for the 
completion of that series of intimate processes whereby the fission 
is accomplished, as well as the separation of the clust«rs of spores 
which are shed abroad in the blood-plasma; the time is certainly 
shorter than that which the same processes need in the other 
varieties of the malarial amoeba. Everything leads to the belief 
that to this fact more than to any other must be assigned the 
reason why forms in the act of fission so rarely appear in the 
blood of the finger; and hence arises the great difficulty of 
studying this phase in the life of the amoeba belonging to the 
Bummer-autuuin fevers. 
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The higher degree of virulence. This seoond characteristic may 
be inferred from many facts, bat especially from the rapid change 
which the red blood-corpascles undergo in these fevers. In the 
quartan and tertian fevers, when the red blood-corpascle has been 
attacked by the amoeba, it is slowly destroyed little by little as 
the parasite increases, until it is completely invaded, and almost 
all the hsBmoglobin changed into melanin ; whereas in the summer- 
autumn fevers the red blood-corpuscle is early altered ; it shrivels 
np and its colouring is modified, even when only from a fifth 
to a third of its mass is filled by the parasite. The change 
of colouring in the whole blood-corpuscle {braaey red blood- 
corpuaeles) resembles that which the particles of hssmoglobin 
pass through when they are enclosed in the actual body of 
the amoeba, before being transformed into black pigment. Seeing 
that this rapid necrosis of the blood-corpuscle is not brought 
about by a progressive increase in the amceba, it must, in all pro- 
bability, be considered as the result of acute poisoning. All this is 
not seen in the quartan, and is only very exceptionally observed in 
the common tertian. Considering that all the malarial parasites 
determine the fever in and by the act of their multiplication, we 
may obviously suppose that in this phase of their life they evolve 
a pyrogenotis virus ; and if no one as yet has affirmed this, it is 
because in the present state of our knowledge no direct proof of 
the hypothesis can be given. But the facts above described make 
it sufficiently clear that even during the development of their 
endoglobular life the amoeba of the summer fevers evolve a sub- 
stance or substances endowed with properties which have a fatal 
effect on the red globules ; a peculiarity which, up to a certain 
point, would appear to be characteristic of the summer amoebae, in 
contradistinction to those of the quartan and common tertian. 
Other facts, leading to the same conclusion, are furnished by the 
Tesults of anatomical and pathological examination of the malig- 
nant infections. Thus Bignami has drawn attention to the exten- 
sive necrosis of the renal epithelium, especially in the convoluted 
tubules which are not infrequently seen in the malignant fevers ; 
the cause of these necroses cannot be found in changes of the vas- 
cular walls directly produced by the parasites, so that he (Bignami) 
attributes their origin to poisoning. 

Another proof of the greater virulence of the summer-autumn 
parasites is afforded us by the malarial hsemoglobinuria, which, 
if we may trust the observations hitherto collected, is determined 
solely by the* parasites of this species and never by the tertian 
and quartan amoebae. We do not in this connection speak of the 
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interpretation of otber malignant Bymptoms, e.g. the coma, the 
choleraic diarrhcea, &c., because in al) likelitiood the origin of 
these must be Bought for in another class of facts. Bat 
in snpport of the theory of malarial poisoning we may mention 
those morbid states which are developed after the malarial (para- 
sitic) infection has passed away ; for instance, the post-malarial 
fever, the delirium, the post-malarial hsemoglobinuria, &c., to 
which we shall have occasion to return. 

It is also well known, and Dionisi^ has proved, that the 
antemic conditions which follow the summer-autumn fevers are 
more slowly and with greater difficulty overcome than those 
which succeed the other malarial infections. Whether this difB- 
culty in recovering depends alone on the fact that the states of 
antemia induced by the summer amceba are more serious in kind 
than the others, and the lesions of the heematopcetic organs, 
which occur during the acnte infection, deeper ; or whether, on 
the other hand, it must be attributed to the persistence of a 
condition of post- infective poisoning, we cannot now decide. It 
is sufficient here to call attention to the fact itself. 

Fourthly, we must take account of the varying resiatance the 
parasites offer to the action of the salts of quiniTie. Without 
leaving the group of summer-antumn fevera we meet with cases 
of obstinate infection, which persist, notwithstanding the admin- 
istration of large doses of quinine ; while other cases, even 
where the infection is serious, e. g. the true subcontinued, yield 
quite readily to the action of the specific remedy. Bnt there are 
fevers in which, when the blood is examined, the impending out- 
break of a malignant paroxysm can be foreseen, and, although 
the remedy is promptly and energetically used, the malignancy 
develops and the life-cycle of the parasites is completed, and 
this even till the patient dies. We shall illustrate these 
instances when we speak of the action of quinine on this group 
of fevers; for the present we confine ourselves to establishing 
the principle that this resistance of the parasite — varying as it 
does within rather extended limits — must be considered as one of 
the factors of the malignant infections. 

Another series of factors of malignancy must be looked for in 
the varying resistance of the individval to the infection — a circum- 
stance which applies not only to malaria but to all infections 
diseases. Thus, for instance, it is well known that the severe 
continued and malignant fevers seize those who are not accli- 
' Dott. A. Diouisi, " Variazioni numericlie dei glohuli roasi e bianofai nell' 
infeziuQc malarica, in rappurto coi paraesiti." ' Sperimentale,' 1891. 
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matised more frequently than the natives of malarial districts 
(see Colin and others)^ and seldom attack chronic sufferers 
from malaria or cachetic persons^ &c. Some important facts 
from this point of view have been brought to light by anatomical 
pathology. For instance, several cases of malignant infection 
on which we have held an autopsy were found to be in subjects 
of arterial sclerosis and in individuals suffering from interstitial 
nephritis in a more or less advanced stage, or having arterio- 
sclerotic changes in the heart. If we bear in mind the fact that 
acute dilatations of the heart take place during the malignant 
fevers (as clinical study shows), and also that a rapid change for 
the worse usually follows the enfeeblement of the myocardium, it 
will be understood how it is that the lesions of which we have 
spoken, easily involving, as they do, the weakening of the heart, 
must have an important inflaence on the issue of the serious 
malarial infections. 

§ 37. It is from the examination of the parasites that we can 
draw materials which enable us to form oar prognosis of the 
dangerous fevers. From what has been said it is clear that the 
elements for such a prognosis cannot be entirely deduced from the 
clinical observation of the fevers, they being too variable. Indeed, 
between the so-called ^^ masked '' malignant infections, on the one 
liand — ^where the fever is entirely wanting, or only transient and 
slight elevations of temperature exist — and certain cerebral malig- 
nant fevers, which are attended with hyperpyrexia, on the other 
hand, we find all possible curves and all possible intermediate 
forms. 

But clinical observation in the malignant infections furnishes 
tbe data for forming a judgment, especially through the study of 
the circulatory and nervous functions, and if this be reinforced 
and supplemented by examining into the condition of the para- 
sites, we are in a position to affirm, as far at least as our 
experience proves it, that the opinion arrived at respecting the 
gravity of the patient's condition gains much in certainty and 
exactness. In some cases it is the only means of avoiding 
znistakes ; for example, we give an instance of malarial infection 
in an epileptic person who was found in a state of coma during a 
paroxysm of fever. The examination of the bloody while it 
showed the existence of a malarial infection, showed also that it 
was a mild one, and hence it was possible to determine the 
nature of the coma as not malarial, but epileptic, although it 
was not known that convulsive attacks had previously occurred 
(see Observation 13). The facts which characterise the oondi- 
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tioD of the parasites in tlie malignant iofectioQa have been 
already described (see the preceding paragraph) ; but in order 
to jndge of the gravity of the infection, and to form a prognosis 
of its progressive aggraTation, what must rather be relied on is, as 
may be a priori foreseen, thej^esence in the blood of numerovs forms 
ripe for multiplication (corpnscles with pigment at the centre). 

Wlien this is the case, even though there be no malignant 
clinical symptoms, one may with certainty predict that the infec- 
tion will grow rapidly worse. (See Case 27.) But it is of more 
importance here to determine the way in which the amosbse be- 
have in cases of fatal malignancy after the administration of 
strong doses of quinine. Two facts may be noticed which are 
illustrated by the examples given below : (i) either the parasitic 
generations continne to develop up to the time of death until the 
blood as a whole is filled with amcebte in different degrees of 
development; or (2) after the remedy has been energetically 
administered the parasites become progressively fewer and fewer, 
while the large phagocytes, which enclose small masses of pigment, 
amtBbiferons red corpuscles, spore-forming bodies, Ac, increase in 
number, very often enormously ; and although the parasites thus 
progressively diminish, the clinical symptoms may grow continu- 
ally worse till death takes place. Of these two possibilities the first 
is observed for the most part where the malignant infection runs 
a short course, the second where it is protracted, also in cases of 
three or four days' duration. {See Case 27.) This progressive 
decrease of the plasmodia in the blood of the finger may lake place 
even when the post-mortem. eiraminati4m reveals the pregence of 
numfroug plasmodia and jissiong iii Ike cerebral teeseh and in the 
apleen-, or, it may be, only in the brain. But there are cases in 
which all the viscera contain but a scanty number of parasites, or 
they may even have entirely disappeared. In some of these 
latter the cause of the fatal issue is found in the existence of 
serious alterations in the endothelium of the cerebral vessels 
and of many pnnctiform hfemorrhages, owing to which the endo- 
cranial pressure may be considerably increased ; in some, on 
the other hand, the anatomical and pathological examiuatioo 
> no snfficient reason. In these last cases, whatever be 
iie cause of the persistent coma and of the fatal result, it can 
miy be investigated by way of hypothesis. Thus, for iustauoe, 
t is not an improbable supposition that there are certain nutri- 
rti?e changes produced in the nervous elements by the progrea- 
I Bve invasion of the parasites ; changes that in many cases 
I are beyond the reach of the anatomical and pathological e 



MALIGNANT PEVBB8. 109 

tion, while in others they are shown bj clearly marked histo- 
logical alterations in the nerve cells. Marchiafava^ has lately 
illastrated an instance of this sort which occarred in a bulbar 
malignant infection. 

§ 38. It follows from the foregoing that it is impossible to form 
an exact conception of the invasion of the parasites in the blood of 
patients suffering from malignant infections without studying the 
different organs in fatal cases. We shall here briefly set forth 
the knowledge we possess on this subject^ as it provides us with 
materials by which we may explain the pathogenesis of some of 
the malignant symptoms. 

After the recent acquisitions in the etiology of malaria^ Guar- 
nieri' and Bignami' turned their attention to these histological 
researches^ and the latter^ after studying the different organs in 
twenty cases of malignant infection, obtained the following results.^ 
We pass over the macroscopic changes in the various organs (the 
brain, the spleen, the liver, the bone marrow, the kidueys, the 
intestines, &c.) ; these are now sufficiently well known, and we 
shall consider solely the alterations which examination by the 
microscope reveals. In the comatose malignant fevers the capil- 
laries of the brain, and especially the grey matter, are found to be 
injected with an immense quantity of red blood-corpuscles loaded 
with Plasmodia. As a rule one may say that the vessels of 
larger diameter contain a smaller number of parasites. The 
amoebsB are found for the most part in the different phases of 
their life cycle, but generally one special phase is predominant. 
The pigmented adult forms and those in the act of forming spores 
are seen by preference within the capillaries, while the young 
forms without pigment preponderate in the small veins and 
arteries. In rare cases it happens that the parasites are not 
visible in very large quantities, but the traces of a preceding 
parasitic invasion are nevertheless manifest in the masses of free 
pigment, in the endothelia which are swollen and loaded with 
pigment, and in the leucocytes which are full of red blood-cor- 
puscles and pigmented. 

In the spleen appearances are usually observed which prove 
the phagocytosis of the pigment, of the parasites, and of the 
necrotic red corpuscles. The pulp is invaded by a number of 

^ See ' Atti del Gongresso di Medicina interna,' Ottobre, 1890. 
' Qaamieri, * Atti della B. Accademia Medica di Boma,' 1887. 
' Bignami, ibid., 1890. 

^ These have now been confirmed by the researches made in the malarial 
season of 1891. 
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red blood -corpoBclea, containing to a large extent parasites, 
which separate the elements of the pulp. In some cases the 
pigmented forms prevail, in others those producing spores. 
The crescent-shaped figures are seldom wanting altogether, bnt 
they are generally less in number than the other parasitic forms. 
But our attention is attracted much less by the parasites in 
the cells of the pulp than by the large white cells which 
contain pigment in smaller or larger masses, in small rods, 
and in granules, as well as discoloured red blood-corpuaclee 
loaded with plasmodia or those brassy in colour; sometimes also 
complete forms with spores are found in these cellnles. In 
contrast to the pigmentation of the pulp stand the Malpighian 
follicles, the lymphocytes of which never contain pigment. 
While the capillaries abound in parasites the splenic veins 
contain but few, and sometimea none at all. In the first case 
the red blood-corpuscles, fnll of parasites, and the macrophagi, 
containing pigment and fragrments of red blood- corpuscle a, are 
next the delicate venous walls, whereas the normal red blood- 
corpuscles are found collected in the centre of the blood-vessel. 

By studying the spleen we are better enabled to see the way 
in which the blood gets rid of the parasites. This is principally 
effected by the amcebEO being enclosed in the large phagocytes, 
and, in a secondary way, through the agency of the endothelia, 
and not only of the adnlt pigmented forms and entire sporula- 
tions, but even of the smal! endoglobular parasites, when the 
red blood-corpascles, which contain them, are strack by prema- 
ture necrosis. 

Guamieri's observations on the changes in the liver in the 
malignant infections, which have been to a large extent con- 
firmed by Bignami, prove the presence of macrocytes loaded with 
pigment, which occasionally close the lumen of the intralobular 
capillaries, the pigmentation of the endothelinm, and of Kupfer's 
stellated cells. The parasites are generally scanty in the liver, 
and more numerous in the portal ramifications and in the capil- 
lary net than in the aublohalar veins, where the melaniferoas 
leucocytes are predominant. 

Along with these changes in the vessels and connective 
tissue we find also alterations of the hepatic cells, in the form 
of cloudy swelling, atrophy, isolated or extended necroses, and 
signs of fresh cellular formation ; and, moreover, Bignami haa 
proved that many hepatic cellules contain masses of hEemoglobin 
and fragments of brassy red blood-corpuscles, which give an 
iron reaction. This condition of things explains how the liver is 
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the instmment bj whicli is e£Fected the elimination of the colonring 
matter of the amcebiferous red blood-corpuscles which are pre- 
maturely dead ; hence the bilious condition which is so frequent 
in the malignant fevers, and the jaundice which accompanies 
certain severe forms of malarial infection. 

In the hinga the capillary net of the alveoli is found full of 
phagocytes pigmented and loaded with red blood-corpuscles, 
which often show signs of degeneration. These phagocytes are 
observed in the veins, in great masses, clinging to the walls of 
the blood-vessels, of which, in the transverse sections, they appear 
to occupy almost a third. As regards the forms of the para- 
sites, one may say that, as a rule, those forms prevail which in 
individual cases are found in large numbers in the brain. Pig- 
mented endothelia in the capillaries and in the small veins are only 
rarely to be seen, and still more rarely pigmented leucocytes 
inside the alveoli. If cases of pneumonia or of broncho-pneu- 
monia come under observation in infections of long duration it is 
a» remarkable fact that there is no excretion of pigmented leucocytes 
in the interior of the alveoli, the exudation being composed of the 
ordinary polynucleated leucocytes. 

In the hidneya the number of endoglobular parasites, as well 
CIS those within the white cells, is generally small in comparison 
^with that in the other organs. They are seldom met with in the 
small vessels of the glomerulus, while they are easily detected in 
^ stages in the intertubular capillaries ; in the large veins 
^hey are very rare. On the other hand the glomeruli are 
usually pigmented, and the pigment is found collected, some- 
times in large white cells which obstruct the lumen in the loops 
of the glomeruli, sometimes in the endothelium of the glome- 
rulus. As regards the extra-vascular changes, in addition to the 
pigmentation of the endothelium which we have mentioned, there 
is the desquamation and degeneration of the endothelium of Bow- 
man's capsule, and the necroses of the epithelium, especially of the 
convoluted tubules. These alterations are probably of toxic origin. 
In the intestines the parasites are found in the same condition, 
and there is the same quantitative relation between the parasitic 
contents of the capillaries and those of the larger vessels as in 
the other organs. In one case of choleraic malignant infection 
the mucous membrane of the stomach and of the small intestine 
was found to be intensely hypersemic, with punctiform haemor- 
rhages and swelling of the lymphatic follicles. Examination by 
the microscope revealed an enormous accumulation of parasites in 
the vessels of the mucous membrane, on the superficial part of 
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which there was an extensive necrosia, and consequently parri- 
cellular infiltration. 

The marrow of the fiat hmies (ribs) is of a reddish-brown 
colour, tbat of the long bones {the femur) is for the moat part 
reddish brown in the two npper and lower thirds, while in the 
middle third it has a yellowish, jelly-like appearance. Its consis- 
tence is usually very soft, indeed it is almost fluid. The endo- 
globular parasitic forms generally fill up the lumen of the blood 
vessels of the bone marrow ; the adult i'ornas and those sporulating 
are the most common ; in some cases also the crescent- shaped forma 
preponderate. Besides this we find parasitic forms outside the 
blood-vessels, where, nevertheless, the most prevalent shapes are, 
as in the spleen, the large phagocytes, mostly in a state of necrosis. 
In some cases the vessels of the marrow contain great quantities 
of the nucleated red blood -corpuscles, in which parasites are 
never found. 

The principal facta relating to the varied distribution of the 
parasites may be summed up as follows : — The parasites are always 
found in remarkably greater numbers in the small arteries and 
capillaries than in the larger vessels and veins, where the blood-cor- 
puscles that are loaded with amcebfe are always mixed with no small 
nnmber of normal blood-corpnaclea. The adult forms, as well e 
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capillary networks, especially in that o£ the brain, where, owing 
to the very small Innaen^ the circulatory resistance is great. From 
the point of view of the frequency of the forms of sporulation the 
brain contains the largest number, then come in order the lungs, 
the spleen, the osseous marrow, the liver, and the intestines ; bat 
in some cases the intestines have a greater quantity than the 
organs last mentioned. The other forma, the crescent-shaped 
and the ovoid, are more abnndant in the spleen and bone 
marrow than in the viscera. Lastly, in the spleen, in the bone 
marrow, and in the liver the forms which are enclosed in the white 
blood- corpuscles, that act aa phagocytes, are usually predominant. 

5 3g. These facts, disclosed by pathological anatomy, make ns re- 
consider the interpretation of certain symptoms observed in the 
malignant fevers. Among these it is the coma and the cerebral 
phenomena in general which have attracted the greatest atten- 
tion, and the attempt has been made to explain their origin in 
various ways. 

Frericha has described (as is well known) the accumulations of 
pigment in the small vessels of the brain, and has stated further 
that there are not infrequently also to be found, in the cerebrum 
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of tbose wbo have died from a malignant infection^ certain stop- 
pages of the vessels produced bj a species of white coagula^ 
not unlike those of the fibrin. He maintains^ moreover^ that the 
mechanical alteration of the circulation might involve the lacera- 
tion of the vascular walls^ and lead to the formation of capillary 
apoplexies. With regard to the causal connection of these lesions 
with the cerebral clinical symptoms^ Frerichs expresses himself 
with great reserve ; he notes especially that cases have been 
observed in which the cerebral symptoms were wanting^ but 
yet the brain was found to be melanotic ; and^ on the other 
handj cases in which there were cerebral disturbances^ without 
any pigmentation of the brain being afterwards fonnd at the 
autopsy. This last fact was observed by Frerichs six times 
out of twenty-eight cases of cerebral intermittent fever. These 
phenomena lead him to the conclusion that the above-mentioned 
cerebral symptoms may^ without doubt^ occur in fevers without 
melansdmia^ and that therefore there are other causes besides 
this latter which are capable of producing them ; and, lastly, 
he supposes that a study of the chemical products, which are 
set free in the circulation by the disintegration of the red blood- 
corpuscles, will bring us nearer to a knowledge of these facts. 

Laveran recognised the parasitic nature of the pigmented 
bodies, and attributed the origin of the cerebral phenomena, and 
especially of the coma, to their accumulation in the cerebral 
capillaries; in his opinion, these bodies obstruct the capillaries 
and produce parasitic vascular thromboses.^ This theory answers 
some of the objections made to the hypothesis of the emboli and 
thromboses of the pigment ; the fact that the obstruction of the 
cerebral vessels is produced not by an inert substance (the 
black pigment), but by living parasitic elements, accounts (if 
we follow Laveran) for the rapidity of the disappearance of the 
cerebral symptoms which is seen in many cases, and explains 
the wonderful effect of the salts of quinine. 

It is, however, evident that even this way of considering the 
matter does not remove all the difficulties which Frerichs himself 
set up against his own hypothesis. 

In our opinion, recent researches allow a different view to be 
taken of the mechanical theory of the cerebral symptoms in 
malignant infections ; these investigations have placed on a firm 
foundation the doctrine of the endoglobular position of the parasites, 
and have made manifest the degenerative changes of the red blood- 
coipuBcles. Owing to these alterations, those of them which have 

^ ' Trait6 dee fi^vres palostres/ pp. 482, 483. 
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been invaded by the parasite offer greater resistance to the cir- 
culation than the normal ones, whence it happens that they acca- 
malate towards the circumference of the larger vessels, and their 
circulation is either stopped or retarded in certain portions of the 
capillfirieH, in which the degenerative changes of the endotbeliam, 
induced by the defective circulation, constitute a fresh cause for 
stagnation. When the comatose malignant infections are anb- 
tnitted to anatomical and pathological examination, we generally 
find an increase of the endocranial tension, and an intense hyper- 
Bsmia of the cerebral substance, — a hyperemia which is always 
caused by the accwmulation in the cerebral vessels of red blood-cor- 
piuicles loaded with amcebm, while a greater quantity of normal red 
blood-corpuscles is found in the larger vessels ; the blood which 
circulates in the very fine vascular network of the brain is always 
more changed than that which we find in other viscera, for 
instance the lungs, and, generally speaking, in vessels of medium 
and large size. Now it seems to us that no other explanation of 
these facts can be given, except that which is based on the 
mechanical alterations in the circulation, of which we have 
spoken. 

Another fact leads to the same conclusion. It has been observed 
that in the capillary apoplexies almost all the estravasated red 
blood-corpuscles are without parasites, while the cerebral vessels 
contain amoebiferous red blood-corpuscles in immense numbers. 
This stagnation of blood-corpuscles loaded with amcebss ought 
accordingly to furnish a reason for the intense hypersemia of the 
grey matter, for the increase of the cerebral tension, for the capil- 
lary apoplexies, &c. Only exceptionally do we find in the cerebral 
vessels accumulations of small masses of free pigment (throm* 
boses of pigment) or masses of melaoiferous leucocytes (thromboses 
of phagocytes), and rarely also free adult parasitic forma, or 
accumulations of free spores (parasitic thromboses in the proper 
sense of the term). Hence, in determining the morbid symptoms, 
much less importance must be attached to these facts than to the 
stagnation of the altered blood-corpuscles which we have men- 
tioned. It is not unlikely that this retarding of the circulation, 
and this stoppage, iu the brain, of the blood- elements in a com- 
pletely altered condition, are the cause of functional changes, 
and, in some cases, even nutritive alterations of the nervous 
centres. 

Recent researches allow us also to answer the well-known 
objections brought against the theory of the emboli or throm- 
boses of pigment. First, in forming a judgment on cases in 
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which the antopsj reveals cerebral melanoses, although there 
had been no coma daring life, we must take into consideration 
the varying intensity of the melanosis, and also distinguish the 
melanosis of the vascular walls, which is the after-effect of pre- 
ceding parasitic invasions, from the actual accumulation of para- 
sites within the vessels, and further, it is needful to bear in mind 
the rapidity with which the parasitic invasion is completed. The 
effects on the cerebral functions ought indeed to be veiy different, 
according as the invasion, for instance of red blood-corpuscles 
containing mature parasites — as happens at the beginning of a 
paroxysm — is completed in a short period (whence the fulminant 
coma), or slowly and by degrees, as there is reason in some 
cases to suppose. Secondly, when we judge of cases in which 
death took place during coma, without the post-mortem examina- 
tion showing any cerebral melanosis, it is necessary to keep in 
remembrance the fact which we have ascertained,^ namely, that 
sometimes the cerebral vessels are found full of red blood- 
corpuscles, all or almost all of them containing non-pigmented 
amcebsB, of which, moreover, the fission may be in process of 
accomplishment, or may have already taken place. Nor ought 
we to forget those cases of malignant infection where the course 
is protracted, and in which the coma persists, and death ensues, 
when the parasites have entirely, or almost entirely, disappeared 
from the blood, without the effects of the preceding invasion 
being removed. We have already considered instances of this 
sort. 

Such being the state of the question, we can maintain that the 
facts brought to light by the anatomical and pathological exami- 
nation furnish a sufficient explanation of the cerebral symptoms 
of the malignant infections, such as the lethargy, the coma, the 
convulsions, the delirium, &c. ; symptoms pointing to localisation, 
such as the aphasia, the hemiplegia, the bulbar symptoms, &c. ; 
while we must admit, on the other hand, that we possess no 
facts capable of sustaining the hypothesis of the poisonous 
origin of phenomena like these. There is no doubt that poi- 
sonous products are formed during the malarial attack, yet no 
one has adduced facts in support of the view that they are 
formed to the extent of producing the effects described ; so that, 
at present, the chemical theory of the cerebral symptoms cannot 
be maintained, except by way of exclusion, — that is to say, 
by showing that the anatomical and pathological changes, which 

> Marchiafava e Celli, " Nouyelles Etudes sur I'infection malarique," ' Arch, 
ital. de Biologie/ 18S7. 
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we have explained^ do not form a harmonious groap of facts 
safficient to explain the phenomena^ and this is^ in our opinion^ 
impossible at the present moment. 

In addition to the above-mentioned alterations in the brain^ 
the most considerable part of which may be said to be intra- 
vascular^ it is not an unusual thing to find punctif orm haemorrhages 
in the nervous centres^ just as they are seen in life on the skin of 
the face and in the retina. These are sometimes only few and 
scattered ; sometimes, on the other hand^ they are so numerous, 
and so blended together from close proximity, as to give a red 
colouring to the cerebral substance. 

Bastianelli and Bignami have recently given us their views on 
the pathogenesis of these punctiform haemorrhages, and they have 
noted the following facts : 

1. These haemorrhages are always met with in the white 
substances of the hemispheres and the balb ; more rarely on the 
boundaries between the white and grey matter, in which latter 
they are not usually found. ^ 

2. The haemorrhages are composed of normal red blood- 
corpuscles, even in cases where the capillaries are entirely filled, 
both with red blood-corpuscles loaded with parasites, and with 
free parasites. 

3. They are generally found surrounding the finest arteries, 
and often surrounding the small thrombosed vessels, in which the 
endothelium is altered by the parasitic thrombosis. 

From these facts they draw the conclusion that the punctiform 
haemorrhages are probably caused by diapedeses through the 
altered walls of the small capillary arteries, in which a stagnation, 
and in some cases . a real thrombosis, is produced by the slow- 
ness of the circulation, which is greatest in the white substance, 
where the capillary network is less abundant and the lumen of 
the vessels smaller than in the grey substance. 

These lesions account for certain clinical facts, e.g. for the 
persistent coma, in spite of the decrease in the number of the 
parasites, and for the hard and full pulse already noticed by 
Torti in some of the lethargic malignant infections. 

The changes in the mucous membrane of the stomach and of 
the intestines, consequent on the invasion of the capillaries by the 
parasites, make very clear the pathogenesis of the choleraic malig- 
nant fevers, &c. 

But other malignant phenomena, those, for example, of the algid 

^ In a solitary case obserred by Dr. Bastianelli and ourselves numerous 
punctiform hsemorrhages even into the grey matter were seen. 
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malignant infections, the cardialgic, the lisBDiorrhagic, &c., cannot 
np to the present time be solved by any interpretation based on 
sufficient observation, for these forms of malarial infection are 
in our country very rare. 

The acate swelling of the spleen is determinined by various 
&ctors, that is to say, by the accumulation in it of a considerable 
quantity of changed red blood-corpuscles, of pigmented leucocytes 
loaded with red blood-corpuscles and plasmodia, of endothelial 
cells, of necrotic leucocytes, and of parasites both endoglobular 
and free, young, adult, and in process of forming spores. Accord- 
ingly, while we infer the purifying activity of the splenic pulp 
from this last element, the others previously mentioned lead us to 
consider this acute swelling as chiefly spodogenous.^ Moreover, 
both in the pulp and in the Malpighian follicles we often find 
many of the elements in a state of karyokinesis. 

§ 40. We shall not return to the alterations in the red blood-cor- 
puscles, after all that has been said as to the endoglobular develop- 
ment of the parasites ; we only wish to insist on a fact on which too 
little stress has been laid ; we mean the separation of the hsBmo- 
globin from the discoplasm ; in some cases the hsBmoglobin does 
not turn into melanin, but is dissolved in the plasma, and produces 
the haomoglobinsBmia, which, if it exceeds certain proportions, 
becomes hsemoglobinuria. 

Rossoni, Bignami, and Bastianelli have lately given their 
attention to the malarial hsBmoglobinuriad. 

Marchiafava has observed a case of hsBmoglobinuric malignant 
infection, with all the characteristic renal lesions ; the patient 
was a traveller, who had already suffered from the disease on the 
Congo. He showed all the signs of chronic malarial infection, 
with the spleen enormously enlarged ; the disease was overcome 
by liberal doses of quinine, which was also administered by 
hypodermic injection, but it left a very serious anaemia, recovery 
from which was slow and difficult. 

During the hsemoglobinuric paroxysm there was jaundice, 
together with enlargement and pain in the liver and spleen ; the 
haemoglobinuria lasted a little more than twenty-four hours after it 
was first treated with quinine. The state of the urine was such as is 
seen in all the hadmoglobinuriae, that is to say, there is hsemoglobin, 
albumen, and hadmoglobinic, granular, and epithelial cylinders. 
When the hadmoglobinuria has passed away, the albumen and the 
cylinders generally still persist, but on the third day the urine is 
normal. In all the cases observed by us and by Bastianelli, as 

^ 2iro^<{c> literally ashes of the dead ; hence necrotic debris, &c. — ^Ed. 
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we have explained, do not form a har? 
sufficient to explain the phenomena, and 
impossible at the present moment. 

In addition to the above-mentioned 
the most considerable part of which 
vascular, it is not an unusual thing to f 
in the nervous centres, just as they ar 
the face and in the retina. These - 
scattered ; sometimes, on the other 
and so blended together from clo 
colouring to the cerebral substance 

Bastianelli and Bignami have r^- 
the pathogenesis of these punctifc ^^ 



noted the following facts : 



.. 1 :e of Bossoni, the 

z ihe blood has been 

5 ^ami havo found 

- r«e condition^ being 

-.\q)nacles; they have 

izi in the macrocytes 

-zjb. size, of which they 

rr^zjjene blue, they have 

.-rnirig to Ehrlich, would 

j:=ejplasma. 

^^obinurise in malaria, 

rough a predisposition 

necrosis of the red 



.«sr^*its loss of the haemoglobin. 




1. These hsemorrhages are r^^ ^ :iu this is the case even 
substances of the hemispheres "'"^ ■ ^ • - - , - 
boundaries between the white 
they are not usually found.^ 

2. The haamorrhages are 
corpuscles, even in cases whe* 
both with red blood-corpuse 
free parasites. 

3. They are generally 1 
and often surrounding the * 
endothelium is altered by 1 

From these facts thcv « 
haamorrhages are probn»* 
altered walls of the smai< 
and in some cases a i 
ness of the ciixulatioL, 
where the capillary ut- "^ 
the vessels smaller lL.i- -^^^^^^ns to the Societa Lancisiana 
These lesions accvr- ^ ^^,,^ Bignami and Bastianelli 
persistent coma, iu t.^ -•* ^^ttr», in one of which the condi- 
parasites, and for i, ^^^^3^* was negative as regards the 

^ vaating signs of a very recent 

j^ .rca^^r only those parasitic forms 

fever could be determined with 

j^rv^l fts evidence of precedent 

,>ouxuria of this sort they place in 

.,,g^iiv»«ena. 

" ,^^ f^''€»> we would remark that under 
.^ j^jj^^tp^na we refer to those morbid 



act been invaded by the 
jf poisonous substances 
cases of malarial hsemo- 
,v^ .^ jiood-corpuscle is accom- 
,^ j^ » to say, either (i) by the 

^ Manin ; or (2) by the pre- 

v«ie«»raascle (brassy red blood- 
jr ihe haemoglobin from the 
jccurs extensively in all the 
.jdHiptf also the third in a more 
utunsi is not uniformly observed, 
OK $ dissolved in the blood when 
j^m:* v Fonfick), and it is not elimi- 
£tf j£ the bilious condition which 
^ of the jaundice with which 



Torti in some of Iht >^ 



The changes in i» 
the intestines, coi 
parasites, make vc^ - 
nant fevers, &c. m^ 

But other mai: 

' In a solitary i? 
ponctilorm hsemo, 
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^ been rerified, not only after the eessa- 

vi'en when the parmsites, especially the 

.rn no longer met with in the blood. In 

..lari&I fevers, there are individoal caaee of a 

. condition, which moet be pnt by the aide of 

.lEtir other infectiooa diseasee (typhoid, pnen- 

-r. Ac). 

y we find states of ^nffm'*, of acate deliriam, 

■fbiQuria, which develop in cases where the acnte 

prill has passed away along with the disappeanuice 

i from the blood ; these phenomena are post- 

tnanifestations, and we most distinguish them 

ions, anffimic, and hssm<^Iobinnric malignant fevers. 

) certain groups of complex nervous symptoms, 

i as of bulbar paralysis, of disseminated sclerosis, and 

i, constitute in certain cases the symptoms belong- 

> a malignant malarial infaction, as Marchiafava, Torti, 

i have recently obserred ; so, on the other band, the 

I kymptoms may be developed after the cessation of the 

I infection, as is proved by instances which Bignami, Bastia- 

\f and Marchiafava have lately described. 

The distinction between post-malarial phenomena, as being 

post-infective facts, and the phenomena of the malignant infections, 

a ihe proper sense of the term, is of importance from the point 

of view both of therapeutics and of pn^nosis. 

In point of fact, while we sometimes see the most serious 
nervous phenomena — ^for instance, a hemiplegia, symptoms of 
tonte btdbar paralysis— disappear in a short time under specific 
therapeatio treatment, this doea not take place, as far as our 
experience goee, when the case is one of post-infective pheno- 
nena, which may last even weeks and months. Hence, it is 
obvionsthat an examination of the blood is indispensable in cases 
of this sort, especially in the masked forms, in order to arrive at 
a differential diagnosis. 

§41. The cases of malignant fever now to be described are given 
chiefly with the aim of demonstrating what we have stated with 
Nference to the condition of the parasites. Some of them, and 
especially those of cerebral mahgnant fever, most be taken as 
examples of a series of similar oases observed by os doring ihe 
last few yean. 
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well as in one case which came under t' 
existence of summer-antnmn parasitic i" 
verified. Furthermore^ Bastianelli 
numerous parasitic forms in an app;* 
perhaps enclosed in decolorized re<1 ^ 
also detected a considerable macror- 
and in many red blood-corpuscle>* 
had made a preparation colouretl 
seen spots of blue colouring, w} 
represent degenerative change!^ 

As regards the pathogenesi. 
everything points to the couci 
in the individual varying in h*' 
blood-corpuscles takes pla<^ * 
after the invasion of the ]u 
in those red blood-cor])UM 
amoebsB, perhaps thruu 
(Bignami, Bastianelli) . 
globinuria the destn. 
plished in three dill 
conversion of the L.t 
mature necrosis < I 



nion. 



- -^:onio C — , 33 years 

j'l'Io, has had fever 

TTiing, and ceases in 

: size, and becoming 



-ranxre is 104*7°. 0^ 

.:: ;er of young plasmodia 

. :Jin.alar in shape, and in 

. . .isxber of pigmented white 

.::« : in addition some rather 

^^;^. The fever ceases spon- 



^^. 



corpuscles), or 
discoplasma. O 
severe sum m or 
limited doL^'r- 

■ 

the reatioii 
it does nut • 
nated bv t ' 
is seen i?- 
manv oi 

III *■: 
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. *^ several large discoid plas- 

10.15 a.m., condition the 

:C iaemoglobinic granules are 

^c%"a«."»in; 101°. Small plasmodia, 

.*io forms with a very minute 

.^.r^ . ah small number of brassy 

^•!»:iiwd white blood-corpuscles. 

, t?r.3g ; prostration of patient. 

^5^ ^uiuistered by the mouth. 

..wituc falls into a state of lethargy. 

..».^:*c state, and showing great 

.j^-- .:> with much difficulty and with 

•^•i-juont, and soft. Respiration 

jiirj. 997°. Quinine, 32 grains, 

-.ciiou; also hypodermic injections 

t. .nv.vJ is found a very small number 

.*l:jo a few white blood-corpuscles, 

.. , w viirmented. 10.30 a.m., blood as 

.-li.irc^" continues. The right angle 

.!v» '4^5* dry ; in the urine there is no 

..% i^tiiout. I J noon, temp. 99*9°. During 

L^^v rt50s to a maximum of ior6° F. 

s -i^ abi>ve. Blood : a few plasmodia 

: >iKi^v. and motionless; they are a little 

.^ .»v:»!'ii>:. There are no pigmented white 

. ..*x;vi'»«ii' injections of quinine (16 grains 

" ^ ^ .iiu'-HUts administered subcutaneously. 

U:w or four plasmodia found in one 
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□ being shaken and called with a lond 
1 gives very faint answers to qnestions. 
nplete helplessneBS, with the masclea more 
•ni tide of his body than on the left ; he cannot 
Hid there is a quivering of the eyelids. From 
ar, he wakes ap spontaneously, and asks for 
■ «hiiiB8 ; occasionally, also, he raises himself so as to sit 
1 of his own accord. An abundant quantity of nrine 
ring the last twenty-four hours (above 64 02.) ; it ia 
lourc-d. 
E-Uorning : the patient haa a little headaohe, but otherwise 
~3 states that he has had on other occasions attacks 
I the preceding, attended with epileptic symptoms ; he re- 
boitibers having felt the preliminary sensations of a convulsive 
bttack daring the night before. 8.30 p.m., natural tempera- 
B}ood : exB-iaiaatioa gives a negative result. Nothing 
noteworthy on the following days. 

We have here the case of an epileptic person, as is shown 
from the recollection of the patient. He had an attack during 
the malarial fever, an attack of which the nurses — it being 
in the night — were not aware. When seen on the following 
morning in a condition of post-epileptic lethargy, he appeared, at 
first sight, to be soSering from the effects of a severe malarial 
infection. The examination of the blood, however, did not 
support this view of the case, and accordingly indicated the way 
to reach the real diagnostic interpretation. 



A Prolonged Paroxysm of Fever. 

Cass 14.' — Giuseppe T — , able-hodied, coming from Bracciano, 
has had fever since midday on August loth ; the shivering per- 
Bisted for a long time, and, according to the patient, the fever has 
Usted continuously np to the present. The spleen is a little 
eolarged, but does not project beyond the ribs. 

He entered the hospital on August iith,4p.m. Sweating begins. 
Temperature 100*4°. Blood 1 there are many plaamodia without 
pigment, large in size, discoid and annular in shape, and in 
motion. The sweating continues during the night. 4 p.m., tem- 
perature ioo'4''. 8 p.m,, ioo'4°. 12 p.m., 101°. 

August 12th. — Temperature: 4 a.m., 101*2°. 8 a.m., 99*9°. 
10 a.m., 99*4°. 12 noon, gg"}°. 4 p.m., ioo'8°. 8 p.m., ioi'8°. 
> See Chart £1, tracing 10. 
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12 p.m., 103*5° F, 8 a.m., blood : an immense number of very 
large plasmodia, some almost one tUrd of the red blood-corpuscle 
in size ; they are discoid and annular in shape ; they display 
movement, and all of them have granules of pigment at the cir- 
cumference. Patient complains of slight headache. 10 a.m., 
the condition of the parasites is as above ; in addition, there are 
several pigmented plasmodia in brassy red blood-corpuscles. 
Bimuriate of quinine, 32 grains, administered by hypodermic 
injection. 3 p.m., patient has headache, and is a little lethargic. 
Blood : condition as above ; the brassy red blood- corpuscles have 
increased in number, and besides these some discoid forms are 
seen with the pigment collected at the centre, or else eccentrically, 
in a group of granules or formed into a small mass. The tempera- 
ture rises unaccompanied by shivering. 4 p.m., blood : nothing 
but brassy red blood-corpuscles are seen, in large quantities, 
containing parasites with granules or small masses of pigment. 

13th. — Temp., 4 a.m., i03*i°. 8 a.m., 102*4°. 7.30 a.m., 
i03'3°. 4 p.m., 105*4°. 8 p.m., 105*4°. 12 p.m., 105*6° P. 
8 a.m., blood : a few plasmodia with granules of pigment, or with 
a small collection at the centre enclosed in brassy red blood-cor- 
puscles, or in corpuscles tending to become so ; also white blood- 
corpuscles with small masses of pigment. 9.30 a.m., condition 
the same. No young forms are found. 2.30 p.m., blood : there are 
still a few forms having a small central mass of pigment. No 
young forms are visible. 4.30 p.m., blood ; there are still a very 
few forms with small central collections of pigment ; also several 
plasmodia without pigment, in motion, and discoid or annular 
in shape ; in addition, some pigmented white blood-corpuscles with 
small masses of pigment. 6 p.m., the patient is depressed and 
agitated. Bimuriate of quinine, 32 grains, administered by hypo- 
dermic injection. 

14th. — Temp., 4 a.m., 102*7°. ^ a.m., ioo*8°. 12 noon, 99*6°. 
4 p.m., 98*5°. 8 p.m., 98*1°. 12 p.m., 98*1° P. 8.15 a.m., the 
state of depression continues. Blood : a rather scanty number of 
plasmodia without pigment, some in brassy red blood-corpuscles. A 
few white blood-corpuscles containing small masses of pigment. 
Sulphate of quinine, 16 grains, administered by the mouth. 3.15 
p.m., blood: condition as above ; in addition, a very small number 
of plasmodia with granules of pigment in brassy red blood-cor- 
puscles, or in corpuscles tending to become so. 5 p.m., blood : 
condition the same, but the parasites are much decreased in 
number, — in fact, they are extremely scanty. 

15th. — Complete absence of fever ensued. The condition of the 
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patient is good ; in the blood there are only a very few motion- 
less Plasmodia without pigment. 

On the 1 6th, examination of the blood gives a negative resalt ; 
the patient continues to take salphate of qainine, and rapidly re~ 
covers strength. 

In this case a tertian paroxysm is protracted, while preserving 
its own proper form of carve, in spite of strong doses of qninine. 
As regards the parasites, only a few develop np to the point 
of prodacing the young forms of the new generation, which 
appear very slowly in the red blood-corpuscles, — almost twenty- 
four hours after the beginning of the paroxysm of fever. This may 
be explained if we allow that the quinine, when present in the blood 
in sufficient quantity, hinders the young forms from invading 
the red blood-corpuscles ; whereas, if the remedy be withheld, 
and there be no longer a sufficient amount of it in the circulation, 
then the invasion takes place. This accounts for the delayed 
appearance of the young plasmodia and for the prolongation of the 
paroxysm. 



Malignant Infection with Lethargy and Delirium, 

Case 15. The Lancisi Division, No. 12. — B — , a man from out- 
side the Porta Cavalleggeri, where he took the fever, has sufEered 
from it for four days. 

He entered the hospital on July 25th at 5 p.m. : he is lethargic, 
gives answers with great difficulty, and remembers nothing about 
his illness. Blood : there is an abundant number of parasites 
— many plasmodia without pigment, or with granules of pigment 
at the circumference, almost all of them in brassy blood-corpus- 
cles ; also many forms with pigment at the centre ; endoglobular 
spindle-shaped forms of different sizes, with pigment along the 
axis ; endoglobular round forms, with pigment dispersed in dif- 
ferent parts ; adult crescent- shaped forms, and also ^dult round 
forms in a state of disintegration. In addition, brassy red blood- 
corpuscles in a disintegrated condition ; the haemoglobin is col- 
lected in masses, one of which surrounds the parasite, leaving 
part of the blood-corpuscle discoloured ; pigmented white blood- 
corpuscles, some of necrotic appearance. Soluble hydrochlorate 
of quinine, 32 grains, administered by hypodermic injection. 

July 26th. — The patient's general condition is slightly im- 
proved. Blood : 1 1 a.m., condition as above ; but the forms of 
the crescent-shaped phase, both free and endoglobular, are less 
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12 p.m., i03"5° F. 8 a.m., blood : an imntense nui 
large plasmodis, Bome almost one third of the red bl 
in Bize; they are discoid and annular 
movement, and all of them hnve granules of pigmi 
cumference. Patient complaina of slight headacl 
the condition of the parasites is as above ; in addi* 
several pigmented plasmodia in brassy red bl' 
Bimuriate of quinine, 32 grains, administered I 
injection. 3 p.m., patient has headache, and is a 
Blood ; condition as above ; the brassy red blood- ■ 
increased in number, and besides these some d' 
seen with the pigment collected at the centre, or e 
in a group of ^anules or formed into a small mast 
tare rises unaccompanied by shivering. 4 p.m- 
but brassy red blood-corpuscles are seen, in 
containing parasites with granules or small mas- 

13th. — Temp., 4 a.m., I03'i°. 8 a.m., !■ 
103-3^. 4 p.m., 105-4°. 8 p.m., 105-4°. I 
8 a.m., blood : a few plasmodia ivith granules 
a small collection at the centre enclosed in b 
pnscles, or in corpuscles tending to become >■ 
corpuscles with small masses of pigment. 
the same. No young forms are found. 2.30 | 
still a few forms having a small central b-^ 
young forms are visible. 4.30 p.m., blood; 
few forms with small central coUectioDB of 
•plasmodia without pigment, in motion, ei 
in shape ; in addition, some pigmented whii' 
amall masses of pigment. 6 p.m., the p4- 
agitated, Bimuriate of quinine, 32 graini^ 
dermic injection. 

14th. — Temp., 4a.m,, 102-7". ^ a.m., 
4 p.m., 98-5°. 8 p.m., g8-i''. 12 p.m., 
state of depresBioD continues. Blood : n 
plasmodia without pigment, some in brasi- 
tew white blood-corpuscles containing ■ 
Sulphate of quinine, t6 grains, adminial 
p.m., blood: condition as above ; iliad<' 
of plasmodia with granules of pigm'"' 
puscles, or in corpuscles tending to 
condition the same, but the para^: 
number, — in fact, they are extremely 

15th. — Complete absence of fever <i 
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the blood of the finger the majority of the red blood-corpuscles 
contain plasraodia without pigment^ and some even two or three 
parasites ; there are a few forms with pigment at the centre^ and 
many pigmented white blood-corpuscles. High fever (between 
102*2° and 104° F.). 

July 3i8t. — ^In the night the fever decreases ; the state of 
lethargy continues in the morning. The most striking feature is 
the very grave anasmic condition. The hemoglobin is only 34 to 
35 per cent. (Fleischl). In the blood (at 9 a.m.) the quantity of 
the parasites is still very abundant ; the same forms are seen as 
on the preceding day^ and in addition there are endoglobular 
crescent-shaped forms. 

T^reaiment- — ^From 2 a.m. on the 30th till 9 a.m. on the 31st, 

96 grains of bimuriate of quinine are administered by hypodermic 

injection. At 12 noon on the 31st about 120 cubic centimetres^ 

of defibrinated blood are injected by Ziemssen's method into 

the subcutaneous tissue of the thighs. At 4 p.m. the general 

condition has improved ; the patient replies to questions, he 

remembers nothing of the journey from Foggia to Rome. Temp. 

99*6°. Pulse 120. At 5 p.m. the hasmoglobin is 35 per cent. 

(Fleischl). In the blood there is still a considerable number of 

Plasmodia without pigment ; also a very few with pigment at the 

centre, and white blood-corpuscles with black or rusty-coloured 

pigment. 

TreaimerU. — ^Bimuriate of quinine, 24 grains, given by hypo- 
dermic injection. 

On August ist skin cool, and a remarkable improvement. The 
hsmoglobin is 36 per cent. (Fleischl). The parasites show 
a marked decrease; there are plasmodia without pigment, or 
with granules of pigment at the circumference, for the most part 
in brassy red blood-corpuscles, the forms of the crescent'shai>ed 
phase being less common; besides these, many macrocjt&h and 
microcytes are found, as well aa many pigmented macrophagi. 
Bimuriate of quinine, 32 grains, administered by hypodermic 
injection during the day. 

On August 2nd the improvement continues. In the hWA 
there is nodiing risible but pigmented white blood-corpuj&cle«, and 
a very small number of cresoent-shaped forms. 

3rd. — ^The hjemoglobin is 35 per cent. (Fleischl). Blood : as 
above. In addition there are nncleatod macrocytes and microcytes. 

4tli. — As above. 

Sfihj — ^The patient says that he feels well ; be eau largely (three 
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aud a half pints of milk in the day, half a chicken, sonp, &c.). 
lie takes Baecelli's mixtare^ of iron, arsenic, and quinine. Blood : 
the crescent-shaped forms are rare, bat there are enormous macro- 
phttgi with masses of pigment, some having a necrotic appearance ; 
also macrocytes and red blood-corpuscles with mobile protuber- 
ances (poichilocytes) . 

t>th. — The improvement goes on. The parasites are decreasing 
in number; at the same time a few young plasmodia without 
pigiiieut make their appearance. There is fever in the evening, 
tuiil bimuriate of quinine, i6 grains, is given by hypodermic 
iiijootiou. During the following days the change for the better 
cuiitiiiuoM steadily ; quinine, arsenic, and iron being administered. 

Uu August 9th the crescent-shaped forms disappear from the 

(>ii August 26th the haBmoglobin is 66 to 68 per cent. 

Thi> moKt prominent symptom in this case is the very severe 
kkud aouto auH>mia which rendered advisable the operation of 
truuAfuHtou according to Ziemssen's method. It is to be noticed 
that thu oerebral symptoms ceased while the percentage of the 
htviuo^lubiu still remained extremely low. The blood manifested 
III I4U uoutu form those alterations which are found in serious states 
\i| »4U)4>iuia (the macrocytes, the poichilocytes, &c.).' 

5- 
Titanic Afalignant Infection {Malignant Quotidian). 

V*\uw I/. -Marini F — , day-labourer, an able-bodied young 
ikM^u. t*' v^^urn (»M, suffered from malarial fever last year, but not 
cKiM wuKv till July 30th. On the 30th he had the first attack; on the 
m.Kiiuii^j of tlio 3i8t, probably before being again seized by the 
i\i\sa. Ko wont on foot to his place of work (a furnace outside 
vKv« (S^iiu ilol Popolo). About noon he was found in a state of 
^ ^luici !»> hixi oouHin, who had him taken to the hospital, which he 
v«uiiiio\l Is^vvivihIh 6 p.m. Hypodermic injections of quinine had 
>♦, I u j»M»\um«l)' given by the local surgeon. 

lUsy i^lioiit Ik in a state of complete coma; there is trismus; 

* Bodii Arseniatis gr. j (one grain), 
Forri Tartarati, 
Quin«) Sulphatis, 
Aoidi Tartarici, aa gr. lyj, 
Aqua) Destillatas Jxij. — Ed. 
Kkw* \ \^\^ M\\\ tho three following were drawn up in association with 
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ttfter many attempts we failed to open his moath ; the arms are 

contracted^ tbe forearm extended and prone, the band and the 

fingers bent ; the tetanic contraction ceases at intervals, and then 

suddenly reappears. An attack is not bronght on by compre8s« 

ing the yessels and the nerves of the limbs daring the periods 

of qaiescence. There is no opisthotonos. The lower limbs are 

drawn together in extension ; the soles of the feet are arched, 

and have a position tending to varns ; the contraction increases 

at intervals, bot never ceases entirely. The abdomen is sunken. 

The npper costal respiration is about 80 in the minute, and 

stertorous ; the abdomen is tucked in in the act of inspiration. 

The pulse is 120, soft and rather full ; the right side of the heart 

is dilated. 

The eyes are turned upwards and outwards ; the pupils are 
large, and react to the light. From time to time the patient has 
littacks, during which the rigidity of the trunk increases, and 
the pelvis is raised ; there is also an incomplete erection of the 
penis. The reflexes of the knee-pan are exaggerated ; the super- 
ficial ones are normal. 8.30 p.m., temperature 103*4^. Bimu- 
Tiate of quinine, 48 grains, given by hypodermic injection. Temp., 
9 p.m., 101° (after a cold pack). 12 p.m., 103*7°. 
August ist, 2 a.m., temp. 104°. 2*30 a.m., death. 
The examination of the blood at 6 p.m. on July 3i8t revealed 
nothing abnormal but a few endoglobular forms with pigment at 
the centre, and some pigmented white blood-corpuscles. 

August ist, 9 a.m., autopsy. — The tension of the dura mater is 
increased ; the meninges are intensely hypersBmic ; the central 
grey matter is strongly melanotic ; there is no hsdmorrbage. 
Bilateral pulmonary serous infiltration; the heart healthy. The 
spleen is very soft and melanotic ; the Malpighian corpuscles are 
not pigmented, and are very well marked. The liver is soft, and 
there is melanosis, but not very intense. The bile-ducts are full 
of bile. The intestines are normal, and loaded with bile. The 
kidneys are strongly hyperadmic. The bone marrow is not in- 
tensely melanotic. 

Microscopic examination. — The cerebral capillaries are entirely 
filled with red blood-corpuscles, each one of which contains a 
parasite with pigment at the centre ; there are also some similar 
parasites observed in a free condition. On the other hand, the 
blood taken from a cerebral vein and artery contains only a very 
few Plasmodia. The spleen contains a very large number of para- 
sites, with pigment at the centre, both endoglobular and free, 
and also in decolorized red blood-corpuscles, which last are rather 
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and a half pints of milk in the d- 
He takes Baccelli's mixture^ of ii' • 
the crescent-shaped forms are rni-' 
phagi with masses of pigment, s- 
also macrocytes and red ^)]^)(»\ 
anccs (poichilocytes) . 

6th. — The improvement l"*" 
in number; at the saim* i 
pigment make thoir n]»].' 
and bimuriate of (|ijlii: 
injection. During tl 
continues stenililv ; •., • 

On August oil I ' ■ 
blood. 

On August .•^:' 

The mo-^t pi-. 
and acute ins • 
transfusion •• • 
that tho !•• • 
haemoL'"!*'^':' 
in an i\ru' 
of anji'rn. 



niP* 
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macropliagi), ^'* 
f the cells of ^•"' 

round in the sii^\ 
.. some endoglobul^ 

.:• rart of the red bluo^ 
- -.icie cells contain a coJ-^^ 
. 'i-jty-coloured granules ^ 
. . :o have in them entir*^ 

. jTold. 

_-.il:gnaut infection, proving' 

Lied by a single generation 

:y the microscope showed 

-: a of the nervous centres, 

: Limber of the amoeba; was 

"lilt the malignant paroxysm 
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with pigment at the centre are very scarce^ and there are no forms 
in segmentation. Mnch of the endothelium in the cerebral vessels 
is pigmented. Also in the spleen the plasmodia without pigment 
prevail ; the crescent-shaped forms are very rare. Almost all the 
white blood-corpuscles are pigmented ; in addition there is a great 
deal of free pigment. In the bone marrow, besides those parasitic 
forms which the spleen contains, there is a large number of endo- 
globular bodies, round and ovoid, with pigment shaped like small 
rods, scattered about or collected together, in motion as well as 
motionless : the latter are the young forms of the crescent-shaped 
phase. 

This case and other analogous cases demonstrate the deceptive 
course which the malarial infection may take in old people. 
Sometimes an enormous number of parasites is found in in- 
dividuals, with regard to whom the clinical examination gives no 
warrant for suspecting the extreme gravity of the disease. 
Death can be foreseen by anyone who examines the blood, and 
it may take place only a few hours after the malignant symptoms 
have appeared. 

8. 
Malignant Infection attended with Coma. 

Case 20 (December 7th, 1891). — Corazza Antonio, 36 years old, 
working outside the Porta del Popolo, has had intermittent fever 
for eight days, but the type has not been recognised. On 
December 6th he was pretty well, so much so that he had passed 
the evening drinking with his friends. But towards midnight he 
was seized with intense shivering and very .high fever, and soon 
after fell into a state of coma. In this condition he was brought 
to the hospital at 8 a.m. on December 7th ; hypodermic injections 
of bimuriate of quinine, as well as different stimulants, were then 
immediately administered. 

The patient is in profound coma, with complete relaxation of 
the muscles ; the deep reflexes are effaced on the right side, and 
almost so on the left, while the superficial ones are also entirely 
wanting. The respiration is slow, noisy, short, irregular, and 
interrupted from time to time by long pauses. 

The pulse is 1 10 ; it is regular and soft. 

The patient's complexion is earthy, and the spleen is not much 
enlarged. His comrades assert that he has not had any other 
before the present attack of fever. 

Temperature, 8 a.m., 98*8°. 12 noon, 99'4°. 3 p.m., 99*9° F. 
Slood : there is an immense number of plasmodia without pig- 
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ment, and many bodies with pigment at the centre ; also a mode- 
rate amount of crescent -shaped forms, both adult and young, aa 
well as bodies of different sorts, — round, spindle-shaped, &c. 
Many pigmented white blood -corpuscles are seen, of large size, and 
abounding in shining granules. 

Although at brief intervals during the day fresh injections of 
quinine, of camphor, &c,, were given, death supervened at 4 p.m. 

The autopsy. — The meninges are hypereemic and dry ; the cere- 
bral convolutioDB are flattened, owing to increase of the sub- 
dural tension. The brain is melanotic ; the capillaries are filled 
with red blood- corpuscles containing forms with a small mass, or 
with needles of pigment in a state of motion, at the centre. The 
spleen is twice tbe normal size; it is a little softened, and black 
in colour. Tbe liver is mela.notic, and at the same time of tfae 
colour of yellow ochre. The marrow of the ribs abounds in para- 
sites, which are for the most part pigmented; it contains also 
many nucleated red blood-corpuscles, in one of which a parasite ia 
found. There is nothing worthy of notice in the other organa. 



Malignant hifeciion, Kith Cerebral Symptomx 0/ Irritation. 
Appearances of Meningitif. 

Case 21. — A boy of twelve years of age is brought to the 
hospital, by people who know nothing of his history, in the night 
between the nth and 12th of November. He has very high 
fever, and the house surgeon orders bim to be wrapped in a cold 
pack (after which the temperature sinks to ior8°) and administers 
a hypodermic injection of bimuriate of quinine, 33 grains. 

Being visited on November 1 2th, at 8 a.m., the patient ia found 
in the following condition : — he is very pale, and with an earthy 
complexion ; there are some cutaneous htemorrhages on the breast, 
The spleen is enlarged, but not overlapping the costal arch. The 
pulse is slow. There is a prompt response to stimuli, even to alight 
ones. The heart is dilated on the right aide. Blood : there are 
many plasmodia without pigment, a few crescent- shaped forms, 
and several pigmented white blood- corpuscles. 4 p.m., blood : con- 
dition the same. The patient has fallen into a lethargic state. He 
mutters a few words in such a way that they cannot be understood. 
Motus carpentea et ludentes. The bladder is full. The teeth are 
pressed together ; the mucous membranes are dry and covered with 
sordes. There is a remarkable hypeneathesia, both superficial and 
deep. Vomiting now takes place. After 4 p.m. tonico-clonic 
convulsions set in, and continue for several hours. Then collapse 
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follows. The pulse is small and arhythmic; there is also 
cyanosis; profound coma. Temperature^ 4 a.m.^ 102*2°. 12 
noon^ 98*8°. 4 p.m., 98*6°. 8 p.m., 96*8°. 12 p.m., 98*5° P. 

The patient dies at 4 a.m. on November 13th, notwithstanding 
that during the 12th several hypodermic injections were made of 
bimuriate of quinine amounting to 64 grains. 

The autopsy. — ^There is well-marked anasmia of the skin and 
of the mucous membranes ; also hsdmorrhages into the skin of the 
breast, shoulders, abdomen, and thighs. The cranium is some- 
what wanting in symmetry. The dura mater is tense ; the pia 
mater is bloodless. The cerebral cortex is melanotic. The white 
substance contains but little blood ; the grey matter of the bulb 
and of the medulla is hyperaomic. 

The lungs are free, but in the posterior parts of the right one 
there is oedema. The heart is dilated on the right side, and 
empty; the myocardium is brown in colour. There is also 
anthracosis of the lungs and of the peribronchial glands. 

Meteorism of the intestines is found ; the liver is pushed up ; 
the spleen does not extend beyond the costal arch, but is enlarged 
and melanotic, with thickened and tense capsule. The gall- 
bladder is full of bile. The kidneys are melanotic, with the 
glomeruli not very distinct. In the liver there is a melanosis 
which is chiefly perilobular. The marrow of the flat bones is of 
a dark red colour. Examination by the microscope reveals the 
existence of amcebsB, with and without pigment, as well as in the 
sporulation stage, in immense quantities, especially in the capillary 
vessels of the cerebral cortex. 

10. 

Malignant Infection attended with Coma. Protracted Course. 

Case 22.^ — G. B— , a countryman 60 years old, enters the 
hospital on August loth, 1886, and states that he has had several 
paroxysms on the preceding days. On the afternoon of the loth 
he is without fever, but prostrated and pale ; 32 grains of hydro- 
chlorate of quinine are administered. During the night he is seized 
with fever, and he falls into a state of coma. On August i ith, at 
9 a.m., profound coma continues, and hypodermic injections of 
quinine are given. The blood contains a considerable quantity 
of Plasmodia without pigment, and some forms with a small 
mass of pigment at the centre. The coma continues during the 
whole day, and at 5 p.m. the parasites are found in the same 
condition as above. 

> See Chart HI, tracing 16. 
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On the i2th^ at 8 a.m.^ there is a remarkable decrease in the 
number of plasmodia without pigment ; but others are seen both 
pigmented and in process of fission. Again injections of quinine 
are given, but the profound coma lasts throughout the day. 
The respiration is frequent and superficial, the pulse small and 
frequent. At 4 p.m. there is sweating ; the plasmodia without 
pigment have now become very rare, while many pigmented white 
blood-corpuscles are found. 

On August 13th there is still profound coma; the pupils are 
contracted, and there are punctiform hsBmorrhages into the skin 
of the eyelids, the forehead, and the ocular conjunctiva. At 8 
a.m. the blood shows only a very few motionless plasmodia with- 
out pigment, and some pigmented white blood-corpuscles. During 
the afternoon the general state remains the same, as also does 
the condition as regards the parasites. 

On August 14th, at 6 p.m., death takes place. 

August nth. — Temp., 4 a.m., ioi*5°. 8 a.m., i03*3°. Noon, 
I04'4°. 4 p.m., 105*3°. 8 p.m., 105*1°. 12 p.m., 105*1°. 

i2th. — Temp., 4 a.m., 105*1°. 8 a.m., 104*4°. Noon, 102*4°. 
4 p.m., 101*7°. 8 p.m., 102*4°. 12 p.m., 103*5°. 

13th. — Temp., 4 a.m., 103*5°. 8 a.m., 103*1°. Noon, 102*6°. 
4 p.m., 102*7°. 8 p.m., 103*3°. 12 p.m., 102°. 

14th. — Temp., 4 a.m., 104*4°. 8 a.m., 104*6°. Noon, 104*6° F. 

Throughout the whole course of the fever the patient was in 
a comatose condition, lying on his back and incapable of being 
roused by the strongest stimuli. 

The autopsy revealed punctiform hsBmorrhages in the cerebrum 
and in the retinsB ; the cerebral capillaries contained a very small 
quantity of plasmodia, all without pigment; the spleen was enlarged 
and of a black colour, and there was pulmonary hypostasis. 

This is an instance taken from a class of cases in which the 
high fever and the cerebral symptoms persist for several days, 
although the parasites, owing to the action of the specific remedy, 
continuously decrease in number. The anatomico-pathological 
examination sufficiently accounts for the aggravation of the 
cerebral symptoms, and for the fatal issue. The fever may 
take, as in the present case, a subcontinued course. 

II. 

Malignant Infection attended with Coma. Quotidian Fever. 

Case 23.^ — N. N — , an able-bodied countryman coming from 
Maccarese, has had fever for eight days. On the morning of 

^ See Chart III, tracing 17. 
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August 6th he was attacked by fever as he was walking to his 
work ; after being carried to the hospital^ he fell into a state of 
coma at 4 p.m. His complexion is slightly jaundiced^ the spleen 
is enlarged^ and there is high fever (temp. 104*9^). An immense 
quantity of plasmodia without pigment are found in the blood; some 
of the red blood-corpuscles are seen to have two^ three^ or four of 
them in different planes ; there are also some forms with pigment 
at the centre^ and several forms of fission^ as well as many pig- 
mented white blood-corpuscles; 56 grains of soluble hydrochlorate 
of quinine are administered, partly by hypodermic injection^ partly 
by the mouth. The fever falls during the night ; on the morning 
of the 7th the patient has recovered from the coma^ and replies to 
questions^ but his mind appears clouded. As regards the para- 
sites^ at 8 a.m. there is an extremely large number of plasmodia 
in motion and without pigment ; only a very few being pigmented ; 
some also are in process of fission. The temperature is 98*6^ ; 
24 grains of quinine are given. The intermission lasts during 
the whole day ; in the afternoon the temperature is 98*7^. At 
4 p.m. the patient is awake^ answers questions slowly^ and com- 
plains of headache ; the blood is found on examination to be in 
the same condition as in the morning. But towards 9 p.m. he 
again has fever (temp. i04'9^)^ ^^^ relapses into lethargy. 

At 7 a.m. on the 8th. the lethargy and the fever persist. Again 
injections of quinine are administered^ as well as stimulants. At 
9 a.m. the temperature has remarkably decreased (it is 99^) ; the 
parasites also have become less in number ; a few plasmodia are 
seen without pigment^ there are some forms with pigment at the 
centre^ and many pigmented white blood-corpuscles. The lethar- 
gic condition lasts throughout the day; at 4 p.m. the blood is 
examined again^ with results similar to those obtained in the 
morning. 

The fever returns during the evening and night ; the maximum 
temperature is 102*2^. 

On the morning of the 9th the patient is very prostrate and 
has a jaundiced complexion^ but is no longer in a state of lethargy ; 
temperature 100*4^. A very small number of plasmodia are 
found in the bloody and pigmented white blood-corpuscles. The 
patient improves rapidly. 

On the loth plasmodia are still found in the bloody but they 
are very scanty ; there are many pigmented white blood-corpuscles^ 
and a very few crescent-shaped forms. The jaundice decreases^ 
and the appetite returns. The maximum temperature during the 
day is 997° P. 
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congested, onA a little oedematona. The heart 

.here Ib a little serona flaid in the plenne and 

rhe liver is melanotio, and the gatl-bladder fall 

I'lio apleen is very large, with hyperplastic folliclea; 

> pluin-coloared and not very soft. There is a chronic 

ineot uigether with an acnte intercarrent one. In the 

I the cortical substance is pale with yellowish stris ; the 

YDOsse are ver; folly injected. 

fouinntion by the microscope gives the following resnlta : — in 

k tltct brain there is an enormoas number of spomlation forms, some 
about as large as a third of the size of the red blood-oorpnscle 
and others still larger ; many forms are also fonnd with a small 
mass of pigment at the centre, as well as accnmolations of free 
spores which block np certain of the capillaries (thromboses of 
spores). In the spleen the quantity of parasites is not so abundant 
IS in the brain ; in it forms with pigment at the centre, yonng 
Plasmodia, and creacent-shaped forms both yonng and adnlt are 
fonnd. In the bone marrow there is an immense amount of round, 
ovoid, and spindle-shaped forms, also of yonng amcebge. In almost 
all the forms the pigment is disseminated irregnlarly. There are 
no forms of spomlation. In the liver the parasites are found in 
the same condition as in the spleen, only very few in number. 
The hepatic eadothelium and Kupfer'a stellated cells are pig- 
iDented. 

In this case, as in the others described, the parasites are found 
in a condition denoting great malignancy, so much so that the 
severe infection can be diagnosed simply by examining the blood. 
The appearances of the anuebs in the brain are noteworthy, and 
the distribution of them in the different viscera is characteristic 

'3- 

Xali^Hani Iti/ertia» aeeompanitd 6y Ddirium.. SmheotUinued 

Fever. 

Casx 25.' — Domenico de Bossi, 18 yean old, able-bodied, wotlcs 
outside the Porta del Popolo. He was well np to August 21st, 
hat towards 1 1 ajn. on that day be was seized with shivering and 
fever, which has been continDoos np to the presoit. He enters 
the boqjital on Angsst 22nd, in the aftemooo. 

Angnst 22nd. — ^Temp., 4.30 pjD., 103*1'. 8 pjn., i05'8". 12 

p.m., 105-4' P> -^ 4-30 P-m- there ia swaating. Blood: there 

are many pkoBodia with grannka of pigment, aod aeveial in 

■ See Chart IZ, tneiag 13. 
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'brassy red blood-corpuscles : also a few forms with a small mass 
at the centre. 

23rd. — ^Temp., 4 a.m., 103°. 8 a.m., i04'4°. 12 noon, 103®. 
4 p.m., i04'9°. 8 p.m., 105*3°. i^ p.m., 106*2° F. During the 
night the patient is twice wrapped in a cold pack. There is 
frequent vomiting. 8 a.m., the patient is calm. Blood : there is 
a very small number of plasmodia without pigment, discoid, 
annular, and bacilliform ; also an extremely scanty quantity of pig- 
mented white blood-corpuscles. 9.30 a.m., there are plasmodia with- 
out pigment as above : also a minute quantity of discoid plasmo- 
dia with one or two very fine granules of pigment. One form is 
seen with a little mass of pigment at the centre, small in size, and 
another, larger — about one third of the size of a red blood-corpuscle 
—with signs of spore-formation ; also a very small number of pig- 
mented white blood-corpuscles. 3 p.m., there is severe headache 
and prostration. Blood : the parasites have remarkably increased, 
and consist of the following : — ^A moderate number of plasmodia 
without pigment, small, discoid and annular in shape, and in 
motion (the first and second forms being in the majority) ; discoid 
and annular plasmodia with very fine granules of pigment or with 
indefinite outline ; one form with a small mass of pigment at the 
centre in a shrivelled blood-corpuscle — in size about one third 
of a normal red blood- corpuscle ; one form of the same size with 
pigment at the centre and in motion, in a well-preserved 
red blood-corpuscle ; and lastly, a very few white blood-corpuscles 
with small masses of pigment. 4.45 p.m., blood : the condition 
is as above. There is one form with granules of pigment at the 
centre, about as large as a third of the size of a normal red blood- 
corpuscle, enclosed in a brassy red blood-corpuscle. Also some 
white blood-corpuscles with small masses of pigment. 

24th. — Temp., 4 a.m., ioi*8°. 8 a.m., 10 1 "6°. 10.30 a.m., 
101*2°. 12 noon, 102*2°. 4 p.m., ioo'6°. 8 p.m., 101*8°. 
12 p.m., 100*8° F. 8 a.m., blood: a moderate number of plasmo- 
dia of mediam size, annular and discoid in shape, all with clearly 
marked granules of pigment, some in brassy red blood-corpuscles 
or in those tending to become so ; also a few pigmented white 
blood-corpuscles. 1 1 a.m., blood : the condition is as above, 
but the number of the parasites has a little decreased ; there are 
several pigmented plasmodia in brassy red blood-corpuscles, also 
white ones with small masses of pigment. 2.45 p.m., blood : 
there are still plasmodia with fine granules of pigment, discoid 
and annular in shape, and in motion, enclosed in red blood-cor- 
puscles both normal and brassy; but they are less numerous 
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tlian in the morning. There is one fcnrm with a small mass at 
the centre ; it is small in eise, abont one sixth of the red blood- 
eorpusde. 4.15 p.m., blood : condition is as above^ and in 
addition there is one very yonng annnlar form. 

25th. — ^Temp.^ 4 a.m., 104°. 8 a.m., io3'5°. 12 noon^ 104*9°. 
2 p.m., i03'5°. 4 p.m., 104°. 8 p.m., ioi-i°. 12 p.m., 98*8° F. 
The patient has had an attack of shiyering in the night. 8.30 
a.m., the patient is agitated. Blood : there is a moderate number 
of Plasmodia without pigment, discoid and annnlar in shape, and in 
motion ; some also with indistinct outline, and none with clearly 
marked granules of pigment. The pigmented white blood-cor- 
pnscles are very scarce. 9.30 a.m., 24 grains of bimuriate of quinine 
injected hypodermically. 10 a.m., the patient is in a state of 
happy excitement. Blood: condition as above, i p.m., the 
patient is enveloped in a cold pack. 3.30 p.m., the happy 
excitement continues. Blood : there is a moderate number of 
Plasmodia without pigment, as above ; also one discoid form with 
small granules of pigment scarcely visible; and several pigmented 
white blood-corpuscles. 6 p.m., blood : the same. Thirty-two 
grains of bimuriate of quinine administered by hypodermic injec- 
tion. 

26th. — ^Temp., 4 a.m., 98'6°. 8 a.m., 98*1°. 12 noon, 97*7°. 
4 p.m., 96-3°. 8 p.m., 98.° 12 noon, 99*9° F. 

The patient is found in the morning in a state of astonishment ; 
he appears occasionally to have alarming hallucinations ; he speaks 
slowly, and frequenUy laughs. 8.30 a.m., blood : there is a 
moderate number of plasmodia without pigment, discoid and 
annular in shape and in motion, also plasmodia with fine 
granules of pigment, some of them in brassy blood-corpuscles. 
Thirty-two grains of sulphate of quinine given by the mouth. 
1 1. 1 5 a.m., the condition of the blood is as above; the parasites 
are perhaps less in number. There is a very small quantity of 
pigmented white blood-corpuscles. 2.45 p.m., temperature natural. 
The general condition is almost as above described ; the patient 
speaks slowly and somewhat hesitatingly, as if scanning his 
words. Blood : there are a few plasmodia, with and without 
granules of pigment, in brassy blood-corpuscles ; also a few leuco- 
cytes with small masses of pigment. 4.45 p.m., condition the same. 
The hesitation in articulation continues, the patient speaks 
with great difficulty, pronouncing many syllables imperfectly, so 
much so that some words cannot be understood. The coarse 
movements of the lips and tongue are normal. The deep reflexes 
are discernible. The tongue is coated and sticks to the mouth ; 
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its margins are reddened. Ho recognises places and persons 
well. 6 p.m., i6 grains of sulphate of qninine administered by 
the mouth. During the night the patient mumbles constantly in 
a gay maniier. 

37tli. — Temp., 4a.m., ioi*i°. 8.30 a.m., 99'4°. I3 nooDj 99°. 
4 p.m., ioo'8°. 8 p.m., ioo'4°. 12 p.m., loo'i" F. 

The patient has almost a typhoid appearance ; the tongue and 
lips are dry ; he continues to talk senselessly and to articulate 
the words slowly and with hesitation. 8.30 a.m., 16 grains of 
sulphate of quinine given by the month. Blood : there are a very 
few Plasmodia without pigment in normal red blood-corpuscles and 
in those tending to become "brassy ; also many leucocytes, severftl 
containing small masses of pigment. 1 1 a.m., blood : in one pre- 
paration there is a single plasmodium without pigment in a brassy 
blood-corpuscle. Towards midday the patient takes 32 grains of 
sulphonal. 5 p.m., he has become drowsy. Blood : examination 
gives a negative result. 6 p.m., 16 grains of sulphate of quinine 
administered by the mouth. Later on, in another preparation a 
single Plasmodium without pigment is found. 

28th. — The patient is apyretic, and has passed a quiet night. 
He is now calm, and there is no delirium ; he speaks much more 
rapidly and clearly than yesterday. 8 a.m., 16 grains of sulphate 
of quinine given by the mouth. 4 p.m., the improvement becomes 
more pronounced, There are no parasites found in the blood. 

31st. — The patient's condition is perfectly satisfactory, and he 
has appetite. 

This is an instance of fever of tertian origin which has 
become subcontinued through the prolongation and overlappiag 
of paroxysms. 

As is evidenced by the examinations of August 22nd and 24th, 
the blood shows only the forms of a single generation of parasites, 
which, however, develop in groups at a certain interval of time, 
in such a way that, for a short period, the amccbio are found in a 
complex condition. See the examinations of August 23rd. 

The fever runs its course without serious symptoms until the 

35th, when it becomes rapidly worse, but still without any signs 

Lof malignancy. The malignant symptoms — excitement, delirium, 

c. — appear later, after quinine had been given, notwithstanding 

lat the temperature had fallen and the parasites had diminished 

rapidly and progressively. The dangerous condition lasts a little 

B than two days. 

What is remarkable in this case is the persistence of the 
malignant symptoms for two days, in spite of the progressive 
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decrease in the nnmber of the parasites. The different parasitic 
forms disappear snccessively under the action of the qninine ; 
ihe last that remain are the plasmodia withont pigment^ and these 
▼anish affcer the destruction of the blood-corpuscles which contain 
them. HerOj too^ we are enabled to foretell the aggravation of the 
infection by investigating the state of the blood. 

14. 

Subcontinued Fever, changed by the Action of Quinine into an 

Intermittent Tertian, 

Casi 26.^ — Puliti BartolomeOj coming from Pratica di Mare, 
states that he had an attack of fever nine days ago, then two days 
of freedom from fever, after that a fresh attack, then one day he 
had a natural temperature, and lastly for four days a quotidian 
fe?er with shivering towards 10 a.m. ; it appears, however, that 
the intermissions were never complete. He has taken quinine on 
several occasions. There is a marked enlargement of the spleen. 
July 24th. — Temp., 11 a.m., 104°. Noon, i03'7®. 4 p.m., 
i03'3°. 8 p.m., i03'3°. 12 p.m., ioi'7° P. 8 a.m., blood : there 
are large plasmodia, discoid and annular in shape, mobile, and 
almost all with small granules of pigment at the circumference ; 
also several in brassy red blood-corpuscles; in addition, pig- 
mented leucocytes. 10.30 a.m., blood : condition as above ; the 
brassy corpuscles are more abundant. 4 p.m., blood : the parasites 
have much decreased in number ; there are plasmodia in brassy 
corpuscles, and forms with a small mass of pigment at the centre ; 
also very young plasmodia without pigment. 5.15 p.m., blood: 
the amoebae are still extremely scanty ; the brassy corpuscles have 
disappeared. There is a very small number of plasmodia without 
pigment ; also a very few forms with a small mass at the centre. 
25th. — Temp., 4 a.m., 102-7°. 8 a.m., 103*3°. Noon, ioi*5°. 
4.30 p.m., i04'6°. 8 p.m., 102*9°. 12 p.m., ioi'7° P. 8 a.m., 
blood : there is only one form with a small mass at the centre ; 
also a few young plasmodia in motion and without pigment, as well 
as pigmented white blood-corpuscles. 10 a.m., blood : the young 
Plasmodia without pigment have increased in number ; there are 
some plasmodia with granules of pigment at the circumference ; 
also pigmented white blood-corpuscles. 3.30 p.m., blood : a 
moderate number of plasmodia without pigment ; a very few with 
granules of pigment, and some pigmented white blood-corpuscles. 
7.30 p.m., the patient is a little agitated, and has diarrhoea. 

^ See Chart II, tracing 12. 
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f-'-A/f -.',ri/iirion M above ; in addition^ one endoglobolar^ joxmg, 
^.-rp.r.t.«hsM>rt form, also many pigmented white blood-cor- 
,r.or:<>Q -. ;> m.. ^2 grains of snlphate of qninine administered 

^>n — r.»rnij., i %.m., ioi'7\ 8 a.m., 986°. Noon, 977°. 

' '• r" ' ?2i.. ici's'. 12 p.m., 101*7° P. 8 a.m., the 

-^t.*r.r a .i.jrr, 2>»i : ttere are a few large plasmodia with 

^^^ .'-> /TBu-i.^* -.f yLzz^z^Xf £ome in brassy blood-corpascles ; 

-.-r 9^:<rsA i*?vr>^j« ^j:i c^aI casses of pigment. 10.45 ^'^i'* 

-^s'ta^.'--^ «Li ^laar-^Tak li^x'xji, : cc^dition as above ; in addition 

•-.»flP' i r:^ . .-2^ ^r:i I rniaT tlaas of pigment at the centre. 

• - ■ ^ -.-.-.^ ». -.^-~ mmi xxai'-sfir of large plasmodia with 
jrs r :: :-iff r r. ^rirrr iiiw. nan7 lurnecred white blood-corpnscles. 

" ■•- — '"."rir:.. ^ i..^.. :— •-/ i A-m., 103*3°. Noon, 104*2°; 

'"' >-•*?:= 5 --rr^rr.i*rt n 1 ^id pack, i p.m., 103*1°. 4 p.m., 

:- ^2- -■* :2 i.m., ior"S' F. 7.30 a.m., the 

->rt*:;i*»r:^ r^ir.iniiifi. :-: :fae iiarrhoea has ceased ; the tongae 

* ^^ ^''-»*i '» ic^ ;:ia8madia without pigment, some very 
•'^^A-- - '-^^ '«A". ^ :5w pigmented white blood-corpascles. 

:. :z.. :«i.rii -^^ fe^ innniar plasmodia without pigment. 

- :. .1- -Hi; '.Qjcijtxz 3 icmewhac lethargic. Blood : there are a 
>^ .^k^mtr.^vjk -TTihcixr pigment ,: one form has a small mass at 

re .d liso Due free form of sporulation, and a 
'hize jicod-«:orpuscles. 5 p.m., 32 grains of 
ze rrr^sL ly hypodermic injection. 
- Lji,. ;g'5'. 8 a.m., 98*6°. Noon, 96*8°. 
.z:-. :::'. rj p.m., 101*2^ F. 8.30 a.m., pros- 
:i^:i- riizr ZLHJ .ii nembranes are dry. Blood : there are a 
i*^ ■::,^=ii'~rc-L -rinre biccii-corpuicles. 
-.■.ri- — rrir.p.. -L i-zu. ::j*9'. S a.m., 101*3°. Noon, 102*2°. 

- z.Ji^. : :- S p.ai.. i::'. 12 p.m., 100*4° ^- 9 a'in»> 
"iifc Tancrnr .= ;:iier. Bleed: there are a very few plasmodia 
^rnr jTTiz.:i.es :f pijnen: eiLclosed in brassy corpuscles ; also a 
T^w Ti^piiriire-i Time lues. 3.15 p.m., blood: a very small 
^sn:er :z -::;^mea:ed -riire blood-corpascles; one white cor- 

.'•.■uraina 1 ziTzn ^ich a little mass of pigment at the 



jesirr^ . riier^ us also one endoglobular, young, crescent-shaped 
rors. Xo p.'nng imoBCoid forms are visible. 

.■n rise zicmni:; •:£ Jiilv 30th there is an intermission, the 
-jasa^nx jvnnnaes re rake CTiinine, and the cure becomes complete. 

In rii::* jatse rae faver is subcontinued at the outset. The 
:ioRii» -': -k sio^'.e generation predominate in the blood, but, along 
wtxii zhns^e, T^uea:^ examinations show the existence of certain 
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parasitio forms more adyanced in development. After quinine is 
administered a small number of parasites continue to develop^ 
and they are all found in the same stage. In other words^ a 
oertain amount of amcebse belonging to the generation which 
origmally prevailed is all that now remains in the blood. Con- 
sequentlj the fever becomes an intermittent tertian. 

The paroxysm following on the second administration of 
quinine is not attended with disturbances in the general condi- 
tion^ although the temperature is elevated. 



15- 

ifcdignant Infection accompanied by Coma, with Subcontinued 

Fever of Tertian Origin. 

Cass 2j} — Balletti L — ^ 31 years old^ has worked at Ostia; 
Coming thence to Bome^ he was seized with fever^ from which 
he has now suffered for seven or eight days. He appears to 
have had intervals free from fever ; occasionally there has 
heen shivering. He was carried to the hospital on August 9th 
and put in bed No. 2^ Lancisi Division. 10 a.m.^ the patient 
is prostrated^ and seems rather dull ; he recollects with 
difficulty and contradicts himself easily. The pulse is good. 
He complains of severe headache^ and says that he cannot 
see well or distinctly. The fever is slight. The spleen is 
large ; there are punctiform hasmorrhages on the trunks and 
great pallor is observable. Blood : there is an immense 
quantity of plasmodia ; forms are seen small in size^ annular in 
shapOj mobile^ and without pigment; also larger discoid and 
ftTinnliir forms with pigment at the circumference ; and forms 
with a small mass of pigment at the centre^ or with granules of 
pigment at the centre in a state of motion. The spore-produc- 
ing forms are very few in number. There are several pigmented 
white blood-corpuscles with granular ^rotoplasm^ and having large 
shining granules ; also many brassy blood-corpuscles. Forty-eight 
grains of bimuriate of quinine given by hypodermic injection. 
Noon^ temp. 1 02*6^. 3.15 p.m.^ blood : the parasites appear to have 
decreased^ the brassy blood-corpuscles especially so. For the rest^ 
the same forms are observed : the small annular plasmodia with- 
out pigment predominate ; next to these come the bodies with 
pigment at the centre ; some of these are free^ and there are 
others in which the process of fission seems to have commenced. 

^ See Ohart HI, tracing 15. 
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One form of fission is found enclosed in a decolourised red blood- 
corpuscle, about one third of it in size. The pigmented white blood- 
corpuscles have become fewer. The patient has fallen into a 
state of lethargy, and rouses himself with difficulty ; there is inco- 
herent delirium and agitation. The pulse is 124, and soft. The right 
side of the heart is dilated. 4 p.m., temp,, i05"8°. A hypo- 
dermic injection is made of bimuriate of quinine, caffein, and 
camphor. The patient is swathed in a cold pack. He has now 
fallen into profound coma. After the application of the wet 
pack there is a considerable improvement, which, however, is 
only transient ; he rouses himself on being called, and replies 



with great difficulty. The pulse 



32 grains of bimuriate of qaLnine given by subcutaneous injection. 
1 1 p.m., 16 grains of the same similarly injected. Daring the 
night stimulants continue to be i 
August loth. — Temp., 4 a.m 
coma still persists. 16 grains 
, blood 



is 95. 8 p.m., temp. io3'7 



subcutaneonsly. 



ected. 12 p.m., temp. io2"6^. 
ioo8°. S a.m., ior'5^. The 
bimuriate of quinine injected 
there are many discoid Plas- 



modia without pigment and extremely mobile, also some very 
small annular ones, and forms with granules of pigment at the 
circumference. There are a very few forms with a small mass 
of pigment at the centre ; no brassy corpuscles ; many pigmented 
white ones, chieSy with small masses of pigment. 9.30 a.m., the 
profound coma continues. Blood : there are many plasmodia 
without pigment, some being in motion, and a very few with 
granules of pigment. The pigmented white blood -corpuscles are 
as above. The urine contains a moderate quantity of albumen, 
as well as granular cylinders. Noon, temp. i04-9°. Pulse 84, 
hard, cerebral. 3.15 p.m., coma: there is no reaction when 
the patient is pricked with a pin, not even when the face is thus 
tested ; the collapse is complete. Blood : the parasites have 
greatly decreased ; the plasmodia without pigment are in the 
majority ; there are also a very few forms with grannies at the 
circumference, or with a small mass of pigment at the centre. 
Many plasmodia without pigment are found enclosed in brassy 
red blood-corpuscles, or in. those tending to become so. In 
addition, many melaniferons leucocytes. 4 p.m., temp, i03"8°. 
Pulse 104, and soft. The general condition is as above. The 
pupils still react to light and to mechanical stimuli. The 
patient is wrapped in a cold pack ; 16 grains of bimnriate of 
quinine given by hypodermic injection; also caffein, &c. The 
profound coma continues through the whole night. 

nth. — Temp., 4 a.m., i02'9°. 8 a.m., 104-9°, 8 a,m., r&les 
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in the trachea. Pnlae 140. Blood : there are a few plaBmodia 
^withoat pigment, some in brassy ooipusdes; also an immense 
qoantity of mdamferoos lencocytes^ some extremely large^ and 
^^th black or mstj ooloared pigment ; in addition, white blood- 
corpuscles containing parasites. 10 a.m., the condition as to 
the amoslMD is the same. Noon, temp. 104*9^. 3.30 p.m., 
the profound coma and complete muscular relaxation persist. 
Blood : there is an enormous number of pigmented white blood- 
oorpuscles, some of them of gigantic size. Temp., 4 p.m., 102*7^. 
3 p.m., 105*8^. II p.m., 105*8° F. Death took place after mid- 
night. 

Auiopmf, — ^The skin is remarkably pale. The dura mater is 
not tense. The veins of the pia mater are rather scantily 
filled with blood. The brain: the cortical substance is pale, 
neither hypersBinic nor melanotic ; there are punctif orm hsmor- 
phages in the white substance of the hemispheres and subcortical 
structures, but none in the bulb. The heart : its Tolume is normal, 
and it weighs over 9^ oz. The right Tentride is full of fibrin- 
ous dots ; the left contains a little fluid blood. The lungs : 
there are subpleural hsmorrhages; also hypostatic pneumonia, 
pulmonaEy congestion, and (edematous infiltration. Chronic peri- 
splenitis and perihepatitis. The spleen is soft and black, 
measures 6^ x 4^ inches. The liver is congested, with extensive 
melanosis. The kidneys are normal in volume; the glomeruli 
can be clearly seen ; the substance of the convoluted tubules is 
pale yellowish grey. There are punctiform hsmorrhages in the 
mucous membrane of the pelvis of the kidneys. The stomach 
and intestines contain a large quantity of bile. 

Furthermore the microscopic examination reveals the following : 
— Jn the spleen there is an immense number of phagocytes loaded 
with pigment^ with brassy red blood-corpuscles, and with free para- 
sites ; endoglobular parasites are very rare, and none are found 
except some endoglobular forms without pigment, some forms 
with a small mass at the centre, and a few forming spores ; in 
addition some endoglobular ovoid forms (young crescent-shaped 
bodies?). In the brain a few capillaries are seen to contain 
amoebiferous red blood-corpuscles (also plasmodia without pigment 
in different shapes, with granules of pigment, as weU as forms 
with spores). The endothelium is extensively degenerated and 
pigmented. 

This is a case of comatose malignant infection, attended with 
snbcontinued fever ; there are several parasitic generations, but 
two are predominant^ one consiBting of adult forms ripe for segmen- 

10 
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t&tion, the other of young forms. It ia noteworthy that the 
parasites gradoally decrease ia nnmber until they entirely dis- 
appear in the blood of the finger (this is consequent on the adminis- 
tration of quinine), while otherwise the general state grows pro- 
gressively worse. Another remarkable point ia the influence which 
was strong enough from the very beginning to promote the deve- 
lopment of the malignant formj in spite of the most energetic 
treatment, — a treatment which was unable to arrest the malignancy, 
although it was begun before the latter had really set in. The 
examination of the blood bad, as a matter of fact, pointed to a 
prognosis of progressive aggravation. 

1 6. 
Malignant Infectioji attended with Coma. 

Cabb 28.' — {Of tertian origin.) Angusto B — , 33 years old, able- 
bodied, has been for about a month at Maccarese, where he never 
had fever J he then came to Rome, and remained without fever 
for a fortnight there or thereabonts, working near the Ara CcbU, 
He has now snfEered for eight days from tertian fever, the 
paroxysms of which commence with shivering. He is carried 
to the hospital on September 6th in a state of coma, and pnt 
in bed No, 52, Lancisi Division. 

September 6th. — 3,30 p.m., coma, temp. ro2'6° F. Blood: 
there is a considerable number of annular and discoid plasmodia 
without pigment, in a state of motion ; a few with granules of 
pigment. Also a small number of forms with a little mass of 
pigment at the centre,orwith pigment at the centre in motion {they 
are from a fourth to a fifth of the size of a red blood-corpuscle). 
In addition, a few adult crescent -shaped forms, and several pig- 
mented white blood -corpuscles. Thirty-two grains of bimuriate of 
quinine given by subcutaneous injection. The patient does not rouse 
himself on being called, but pricking produces a sluggish reaction. 
The superficial reflexes are effaced ; only the cremasteric ones are 
obtained very slightly in response to a strong stimulus. The deep 
re Hoses are active and react readily. The pupils respond to light. 
The complexion ia earthy; the spleen is very large and hard. 
5 p.m., 16 grains of bimuriate of quinine administered by hypo- 
dermic injection ; also caffein. 8 p.m., a similar injection given ; 
temp. io2"2°. 11.30 p.m., another injection as above; temp. 
lorf. 

7th, — There is now a ready reaction to pricking with a pin. 
' See Chart 3, tracing tS. 
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The patient appears to understand^ bnt he opens his month and 
pnts bis tongne ont with difficulty ; he does not seem able to see^ 
and does not speak. The pulse is frequent^ small^ and soft. 
8 a.m.y temp. 100*4^ ; 16 grains of bimnriate of quinine injected 
Bubcntaneonsly ; also caffein. Blood: the plasmodia without 
pigment predominate^ and they are for the most part annular. 
There are a few adult crescent-shaped forms, and also several pig- 
mented white blood-corpuscles. Noon, temp. ioo*8°. 2.30 p.m., 
the general condition is unchanged. Blood : the parasites have 
greatly decreased in number : there are a few plasmodia without 
pigment, some of them in brassy blood-corpuscles; also many 
pigmented white ones, some with small masses of pigment, and a 
few crescent-shaped forms. 4 p.m., temp. 100*4^. 12 p.m., temp. 
100*2° ; 16 grains of bimnriate of quinine given by hypodermic 
injection. 

8th. — ^The patient is agitated and delirious, he speaks with 
difficulty, and with exaggerated movements of the lips, pronounc- 
ing the consonants — especially the labials — indistinctly, and articu- 
lating the syllables with a little hesitation. Temp. 4 a.m., 99°. 

8 am., 99*2°. 9.30 a.m., intermission. Blood : there are many 
crescent-shaped forms and round bodies ; also a very few forms 
with pigment at the centre, and many pigmented white blood- 
corpuscles. Noon, temp. 97*2°. 3.30 p.m., the patient com- 
plains of severe headache, but the general condition has much 
improved. Blood : there are many crescent-shaped bodies, ovoid 
and spindle-shaped, some in process of disintegration ; also several 
pigmented white blood-corpuscles. The apyrexia continues. 

9th. — The patient feels much better. The trouble over his 
words, however, still remains ; he speaks slowly, hurrying over 
some of the syllables, and pronouncing certain consonants, espe- 
cially the labials, with difficulty. (There is slowness of speech, 
scanning and insufficient movement of the lips and tongue.) 

9 a.m., blood : there are several adult crescent-shaped forms, and 
some pigmented white blood-corpuscles. 

The patient rapidly improves during the following days ; he 
takes daily 32 grains of sulphate of quinine by the mouth. 

On September 12th a slight difficulty in talking still persists, 
and in the blood there are still several adult crescent-shaped forms 
and pigmented white blood-corpuscles. 

The skin kept cool till September 21st, and the patient made a 
good and complete recovery. 

The examination of the blood always yields the same results : 
there are crescent-shaped forms, round and flagellated bodies. 
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tation, the other of young forma. It is noteworthj 
paraaitee gradually decrease in nnmber until they er. 
appear in the blood of the finger (this is consequent on tl 
tration of quinine), while otherwise the general etate I 
gressiyely worse. Another remarkable point is the ii 
was strong enongh from the very beginning to promofl 
lopment of the maligoant form, in spite of the mtn 
treatment, — a treatment which waa unable to arreat tfa^T 
although it was begun before the latter had really a 
examination of the blood had, as a matter of fact,^ 
prognosis of progressive aggravation. 



^^ 711..' 



Malignant Infection attended with Ooni' 

Cabs 28.' — (Of tertian origin.) Augusto B — , 3-:, 
bodied, has been for about a month at Maccarese, 
had fever J he then came to Rome, and remaine' 
for a fortnight there or thereabouts, working nea' 
He haa now anfFered for eight daya from te- 
paroxyams of which commence with shivering. 
to the hospital on September 6th in a state oi 
in bed No, 52, Lancisi Division. 

September 6th. — 3.30 p.m., coma, temp. !■ 
there is a considerable number of annular and 
without pigment, in a state of motion ; a fen 
pigment. Alao a small number of forms with 
pigment at the centre, or with pigment at the 
are from a fourth to a fifth of the size of a 1 
In addition, a few adult crescent -shaped fon 
mented white blood-corpuscles. Thirty-two gr 
quinine given by subcutaneous injection. The jji 
himself on being called, but pricking produce - 
The superficial refiexes are effaced ; only the 
obtained very slightly in response to a strong 
reflexes are active and react readily. The n- 
The complexion is earthy; the spleen is 1 
5 p.m., 16 grains of bimuriate of quinine si< 
dermic injection ; also caffein. S p.m. ,6511 
temp. 102-2°. 11.30 p.m., another injeoti 
01-3°. 

7th, — There is now a ready reaction U- 
' See Chan 3. tracing 1 
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In this case the maximam temperatare in the rectum was ioo'2° 
daring the period of acate infection^ in the night between the 
25th and 26th of September. Recovery was extremely rapid 
owing to the disappearance of the cerebral symptoms^ which left 
no trace behind them. With regard to the red blood-corpuscles^ 
the ratio sank on September 26th to 1^950^000. 

18. 
Hmmorrhagic Malignant Infection. 

Case 30. — A lady had been staying for a few months at a 
place in the Roman Campagna^ and after having suffered for two 
days from headache^ which became more severe in the evening, 
she grew seriously unwell on February 5th, 1888 ; she was seized 
with bleeding at the nose, which, beginning as a slight oozing, 
constantly increased in quantity. On the following morning she 
was brought to Rome, and was so prostrated that she was obliged 
at once to take to her bed. 

When first visited the patient was found in an exceedingly 
weak state ; she moaned and spoke with difficulty ; the bleeding 
at the nose was still going on ; the skin, especially that of the 
neck, breast, and abdomen, was covered with haemorrhages ; the 
oozing of blood from the gums was continuous. The temperature 
was 104^, the pulse small and frequent, the respiration hurried, 
the skin earthy in colour, and the spleen a little enlarged. The 
nostrils were plugged, and 32 grains of bisulphate of quinine were 
ordered, hydrochloric lemonade, &c. 

During the night there were agitation, slight delirium, flux from 
the intestines, and vomiting of blood. 

In the morning the temperature was 103*8^, the loss of strength 
alarmiug, and the sensorium dull. The blood, on being examined, 
showed an enormous number of endoglohular plasmodia without 
pigment and in motion, a few with a small mass of pigment at the 
centre and in different stages of the process of fission. Sixty-four 
grains of bihydrochlorate of quinine were accordingly adminis- 
tered in the course of the day by hypodermic injection : towards 
midnight abundant sweating cume on, the fever ceased, and the 
hsBmorrhage stopped. 

On the following day the patient had somewhat recovered ; 
there was a slight attack of fever, and the treatment with quinine 
was continued. 

On the third day without fever, being extremely anaemic and 
weak, she had a miscarriage of a three months' embryo. The 
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and frequently pigmented white blood-corpusclea, bu' 
become progressively less. 

On September 2 ist^ towards 11 a.m.^ the patient 
and shows a tendency to vomitings headache^ &c., b' 
rature rises to above 100*4°. Prom this day aren^ 
mittent qaotidian fever begins^ which does not er 
October 5th, and this notwithstanding that thi 
completely disappeared ; indeed^ so soon as the 
September^ examination failed to detect any. 

During the whole of this period of fever (1 
no amoebsB were found in the blood ; but the r 
be totally ineflFective. 

In this case it is to be noticed that aft-er th 
during which the condition of the parasitt 
characteristic^ a period of freedom from fc 
for about ten days ; throughout this period 
of quinine were daily administered by t 
being found to contain parasitic forms belo 
crescent-shaped bodies. When these dis 
tent fever set in which was clearly not of 
no parasites whatever were discovered in 
the salts of quinine of any avail against 
objective examination showed no lesio 
this fever. The patient left the hosp' 
re-established in health. 
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17- 
Hemiplegic Maligni- 

Case 29. — A middle-aged man^ ]> 
into the hospital of S. Spirit© (BagV 
1889. He complains of pain in 
indeed^ the temperature is subnoi 
ment of the spleen. A few h^ 
loses consciousness^ and become 
on the left side ; there is also 
the deep reflexes^ — symptoms 
normal temperature. A cap 
of this state of things is mado. 
shows the presence of immeTi<^ 
the majority of them withou* 
with intra-venous injections 
days, remaining, however, vr 
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^ deoreased in qaantity. The 
^ qninine and camphor 

kably improved^ 

!■ blood there are 

blood-corpuscles ; 

I'd forms^ and many 

I'lie blood contains pig- 



gatiye result. During the 
from the anaemic condition 



JO. 

Malignant Infection. 

, 54 years old^ coming from Porta S. 
. cook^ was brought to the hospital in a 
September 5th^ 1890^ being accompanied 
He has been ill since the 2nd instant, 
iiow very difficulty and when left to himself 
:<us; he has a frightened look^ the pupils are 
:i is cold all over the body and covered with 
; there is cyanosis of the lips and the extremities ; 
;[ read-like and extremely frequent. In the morning 
ti diarrhoea and vomitings which occurred also on his 
hospital^ where he continues to suffer from retching, 
discharges at stool are as those of choleraic diarrhoea. 
oen is slightly enlarged. The examination of the blood 
the presence of a considerable number of amcsboid para- 
. but nothing else abnormal. Thirty-two grains of quinine are 
' li by injection^ and thirty- two more by the mouth; friction 
also employed^ and stimulants administered (ether, camphor, 
:CL\). At 8 p.m. there is a profuse sweating, the skin remaining 
L-old ; the delirium has ceased, and a continuous moaning has 
taken its place ; the pulse keeps all the time small and frequent, 
and the diarrhoea persists. During the night the diarrhoea de- 
creases, the skin becomes warm again, and the patient has rest 
for some hours. 

On the morning of the 6th of September the improvement is 
remarkable ; the pulse is 90 and strong ; the coldness has passed 
away, the temperature is 97*9^^ and the cyanosis has disappeared. 
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but there are still some diarrhcea-like evaonations. Thirty-two 
grrains of quinine were administered, as well as some stimulants 
and wine. The blood contained a few plasmodia without pig- 
ment, and in a state of motion. At 6 p.m. in the evening there 
is no fever and the pulse is good, but prostration and pallor to a 
remarkable degree still remain. The diarrhoea has ceased. Six- 
teen grains of quinine are given. 

On the following days the improvement is maintained ; strength 
is slowly recovered, and the appetite returns ; the parasites dis- 
appear, and there is no more fever. 



CHAPTER VIII. 

THE ACTION OP THE SALTS OP QUININE ON THE PARASITES OP 

MALABIA. 

Researches by various authors with rega/rd to the action of quinine 
on the amcsbse of the quartan and tertian, and on the amoebse 
of the summer-aviumn fevers — Modifications of the thermic cwrve 
prodAiced in the summer tertian by the a4:tion of quinine — 
Effect of the salts of quinine on the parasites of the summer 
fevers at different periods in their life-cycle — How the action 
of the salts of quinine on the mdkurial parasites may be inters 
preted — Considerations as to the best way of administering the 
remedy in the summer-autumn fevers. 

§ 42. The researches which have been made with reference to 
the action of quinine on the malarial parasites have chiefly to do 
with the amoeba of the quartan and the amoeba of the tertian. 
According to Antolisei^^ the adult forms belonging to the quartan 
are not hindered in their development by quinine (see p. 1 1 and 
following of the reprint) ; the sporulation takes place all the same^ 
and so also does the paroxysm of fever^ which, at the most, is 
delayed one or two hours, while the subsequent paroxysm does not 
occur. Antolisei has noticed, moreover, that in the paroxysm 
following after the administration of quinine only an extremely 
small number of yoang forms were found within the i*ed blood- 
corpuscles. The forms of fission disappeared from the blood, as 
in the other paroxysms^ but — contrary to what was seen in these 
latter — they were not succeeded by the usual qaantity of amoeboid 
forms without pigment; indeed, the number was much less, tt 
is clear that in the present paroxysm they experienced the 
deleterious action of the quinine, and only a certain portion of 
them succeeded in escaping from it. 

Bomanowski' has devoted his attention to the changes which 

' Antolisei* " L' ematozoo della qnartana," ' Bif. Medica,' Gkn., 1890. 
' Bomanowski, ' Zur Frage der Parasitologie nnd Therapie der Malaria,' 
Bt. Petersburg, 1891. 
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quinine prodnces in the intimate stractureof the amoeba (tertian). 
In studying it he has employed a certain method of staining of 
his own^ which enables the nucleus of the parasite to be clearly 
distinguished. The stain of which this author makes nse^ is 
made by mixing one part of concentrated aqueous solution of 
methylene blue with two parts of i per cent, aqueous solution of 
eosin. It appears that the action of quinine is specially manifest 
in the adult endoglobular formsj where the nucleus undergoes 
change until it entirely disappears^ the parasite takes the round 
shape of rest^ the protoplasm assumes a homogeneous colouringi 
the pigment is evenly distributed^ or^ in some casesj collected at 
the circumference^ while in place of the nucleus^ and resulting 
from its actual destruction^ fine granular appearances may be 
observed. Romano wski has also found alterations in the forms 
of segmentation after the employment of quinine. In these the 
protoplasm is seen to be uniformly coloured ; the nucleus has no 
intense colourings and is not surrounded with the normal pale 
halo. It is in this destructive action of quinine on the parasites 
that the specific activity of the remedy for malaria lies. 

But the most complete researches on this subject are due to 
Golgi. This author has chiefly studied the action of quinine on 
the quartan parasites^ and has arrived at the following con- 
clusions : 

The administration of quinine, given in ordinary therapeutic 
doses, does not stop the development of the parasites when the 
transformations characterising the process of segmentation have 
already commenced. The attack of fever is not thereby pre- 
vented, but the young generation of parasites resulting from 
the segmentations which have taken place is killed, whence a 
lasting cure is obtained by a single exhibition of the remedy. 
(The quinine is given four, five, or six hours before the attack.) 

The same effect is produced when very strong doses of quinine 
are given, whether by the mouth or by hypodermic injection. 

The young amoebae, which are found on the first day of the 
intermission in the quartan, offer a remarkable resistance to the 
action of quinine ; in some cases they may arrive at maturity and 
the stage of segmentation, in spite of the administration of the 
remedy ; in others the development becomes irregular, causing 
thereby the first paroxysm to be wanting or to be delayed. But 
the recurrences are frequent, because the infection has not been 
destroyed. On the second day of apyrexia, when thd changes 
which should lead to segmentation are commencing, the amoebaa 
are more sensitive to the action of the remedy. 
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^0^ ^Sect of qainine on the tertian amceba is not exactly the 
diftfti*^ ^^^^^*^t which it has on the parasites of the qaartan. The 

in 
are 



^^J^ . .. _ ^._.. .. ... ,.„._ ... 

in an ^^ Would appear to consist in this^ that the tertian amoebaa^ 
we m '^^^^ ^^®y ^°^y yiB,Ye reached in their endoglobnlar growth^ 
siteR ixiore easily affected by qainine than the qaartan para- 

*^ daring the corresponding period.^ 

^^. ^gBords the sommer-aatamn fevers, we remind oar readers 

fi^ * ^^om the time of their first notes on the sabject, Marchia- 

gi^i . ^^d Celli have drawn attention to the specific action of the 

{^ qainine on the plasmodia (on the young endoglobnlar 

^ ^ of the parasites), noticing how they have been found to 

^^ Ppear in a fairly short time after the remedy was given.* 

^^^^Ui' has investigated the effect on the malarial parasites of 

j^ direct injection of quinine into the veins, studying the blood 

^ half-hour to half -hour. He has observed that for the first 

/^ hoars after the injection no sensible alterations can be 

^ticed either in the number or in the form or in the amoeboid 

^ovement of the parasites, except that during the first two or three 

^Ours he thinks that he remarked an increased activity of motion. 

It is certain, however, that after twenty -four hours almost all 

^lie parasites could be said to have disappeared, while it was 

^possible before this to trace any phase of destruction or of 

^eath. Laveran's pigmented sickle-shaped forms remain visible 

Xn the blood even several days after the introduction of quinine 

into the veins, and the cessation of the fever/' ^ 

^ Gk>lgi, " Azione della chinina soi parasaiti malarica e sui corrispondenti 
accessi febbrili," ' Bendiconti del B. Istitato Lombardo diScienze e Lettere,' 
1893. 

' Marchiafara and OeUi, "Weitere Untersnchnngen uber die Malaria- 
Infection,'' 'Fort, der Medicin,' N. 24. 1885. 

* G. Baooelli, ** Le mjesione intraTenose dei sali di chinina nell' inf ezicme 
malarica," ' Biforma Medica,' Gknnaio, 1890. 

^ Laveran's and Dock'n obeerrationB hare but httle Talae with reference 
to this sabject, as Golgi also has obeerred. Laveran (' Da Palodisme e de 
aon Hematozoaire,' Paris, 1891, p. 185) treats in a general way of the disap- 
pearance of the parasites from the blood of patients placed under qainine. 
As regards the action of quinine on the different parasitic forms, he simply 
aays, ** The effect of quinine on the hsematozoa may be directly studied by 
mixing a drop of the solution of sulphate or hydrochlorate of qainine with 
a drop of malarial blood : these conditions suffice to proTe that the moTe- 
ments of the flagella are no longer obeenrable, and that the hematozoa 
assume the form which means their death." 

Dock (see 'Centralblatt for klin. Med.,' 1891, p. 643) writes that ** under 
the influence of quinine the plasmodia beccmie motiimless, and no flagella 
are protruded." In his recent work, ' Soil' azione della chinina,' ^Icc (above- 
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eosin. It appears that the action of 
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observed. Bomanowski has also ' 
of segmentation after the emplov 
protoplasm is seen to be unifon: 
intense colouring, and is not <- 
halo. It is in this destructive • 
that the specific activity of the 

But the most complete re^^f"* 
Golgi. This author has chit-n 
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the stage of segiTtP"^ ' 



1. z'^estigations as to 

-^.as types of fever, 

Iizical study shows 

:r re vers ofEer to the 

-£i: «orts of malarial 

-for instance, in 



: iskie that the resist- 

,.:-rsiIv in the infections 
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J the clinioal details of oases ; as Hbe greater nnmber 
t forth is demonetrated hj the ioBtances detailed and the 
c charts given by ns in another connection. Wa have 
t same doses of the remedy as are asnally employed in onr 
B for Bnminer infectiona. The first prescription is seldom 
1 32 grains of snlphate or bimnriate of qninine, taken, 
>, in two doses from two to fonr honra apart ; after this, 
' doses are generally given eveiy twelve honrs, the amoant 
ring from less than t6 grains to 24 grains. Thisia for infeo- 
g of ordinary gravity ; when the fever is serious, even thongh 
it he not attended with malignant symptoms, the first dose of the 
remedy is nEually given by hypodermic injection, and the qnantity 
is generally from 16 to 32 grains. 

In the malignant infections snbcntaneoQS injection is always 
adopted ; it is administered every fonr or six hours, beginning 
with large doses of from 32 to 48 grains ; these are followed by 
Entailer ones, usually of t6 grains. We have seldom found it 
necessary to alter the qnantity to snit the condition of individnal 
patients, because the sphere of onr observations is almost entirely 
limited to able-bodied young men coming from the country, with 
no disease except the malarial infection. 

Having detailed these premises, we proceed to state onr con- 
clnsions : — {a) It the salt of quinine be administered a little 
after the pre-critical elevation, and the doses continued during 
the twelve hours of intermission immediately following the crisis, 
then the expected paroxysm may he entirely absent ; in this case 
on the day a^r the crisis there are only slight elevations of 
temperature, somewhat above gS'&'. Judging from our experi- 
ence of the last malarial season, this is what most frequently 
happens in the mild infections, and we have met with a great 
nnmber of instances. 

More rare are the cases in which, although the qninine be 
given in the same way, and even in doses lai^r than nsnal {e. g, 
4S grains during the crisis of a paroxysm and 32 grains by the 
month during the succeeding apyrexia), the following attack is 
not prevented, but it ia delayed for several hours (the limit being 
about six). This delayed paroxysm may be considered as abor> 
tive, aa it consists of a simple elevation of temperature, which in 
the instances to which we refer is a little above io2'2^ F. The 
retardation may sometimes be very remarkable, even for almost 
twenty-four honrs, as we happen to have seen in one patient. 
But it is also possible that the expected paroxysm may assume an 
abortive form, and take place without any considerable delay. 
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§ 4J. It follows from the facts described that investigatioD 
the action of quinine must be made in all the various types of 
and on the different varieties of parasite. Clinical stadj 
the varying amount of resistance which the fevers offer 
action of the remedy, not only in different sorts of ■ 
infection, but even in one and the same group — for inf ' 
that of the summer-autumn fevers. 

Our own researches, indeed, enable us to state that > 
ance to quinine varies much more considerably in tht^ 
belougiug to this latter class than it does in the oomm 
and tertian ; this will become manifest from the di 
we shall now give. We have made the summer-aui 
the chief object of our studies, and we have invet 
the changes which are produced in the thermic •■ 
the agency of the salts of quinine, administerc' 
ways ; and secondly, the action effected by the ' 
life and development of the araoebfe. 

Lastly, the influence of quinine on the paroxysi 
succession must be distinguished from its iufiaei>' 
reuces of fever, in accordance with the metl 
tration, 

I . Modifications of the thermic curve produv 
tertian by the action of quinine. — These modific. 
iug to the time that the remedy is adminisl* 
it be given, in the different cases, aL the sasi 
ence to the development of the paroiysma '• 
are not so constant as in the quartan and ' 
cannot be formulated in simple and fixed hi-, 
these latter. We must always bear in i 
variability of the thermic aud the para^^' 
group of fevers now under consideration. 

The results, then, vary according as t!i 
administered (a) a tittle after the pre-ci 
to say, during the crisis of an attack) 
space of several hours, or else successive. 
the crisia lasts and on the following •: r 

hours preceding the expected attack -, 

the paroxysm just as the temperature I •-.:,-. 

the paroxysm. 

For brevity's sake, we shall bIji* 

mentioned), Golgi has criticised tbese conch 
to anjonii familiar with the latest reseai- ' 
parasites. 



ON THE PARASITICIDE ACTION OF QUININE. 159 

in other cases a sliglit retardation is noticeable^ and the paroxysm 
may also be less severe than the preceding ; yet even in these 
cases the curve resembles the typical one of the snmmer-tertian. 

(c) The result may be the same if the remedy be administered 
at the beginning of the paroxysm, jnst as the temperature is 
beginning to rise, or a little before ; that is to say, the paroxysm 
may delay its commencement somewhat, or it may also become 
abortive without any retardation. However, in the majority of 
cases the paroxysm develops normally, but not without exhibiting 
certain modifications in the curve which must be attributed to the 
effect of the quinine. The alteration in the curve may be due to 
an exaggeration of the pseudo-crisis to such an extent that the 
attack tends to lose its own individuality^ and becomes, as it were, 
divided into two ; or else the initial elevation of the temperature 
may be followed by a brief crisis, whereby the paroxysm is con- 
jsiderably shortened. These changes in the curve are generally to 
be noticed when the remedy has been administered in large doses 
{e. g. 32 grains and even more), and by hypodermic injection. 

(d) If the salts of quiniDO be given during the paroxysm of 
fever, the first dose a little after the beginning, followed by others 
during its course, then in one series of cases we have found no 
appreciable modification of the tertian typical carve ; in another 
series the curve has shown various alterations ; (i) the pre-critical 
elevation either disappears altogether, or is diminished ; or (ii) the 
pseudo-crisis is exaggerated, the length of the paroxysm remaining 
unchanged; or (iii, and lastly) the paroxysm is protracted despite 
the quinine, and lasts, it may be, even many hours longer than the 
preceding one. We shall have occasion to return to this fact of 
the prolongation of paroxysms during the course of which quinine 
is administered even in large doses. When the remedy is given 
liberally during a paroxysm there is a whole series of cases in 
which the succeeding paroxysm entirely disappears, or only 
slight and tardy elevations of the temperature occur on the day 
or days following the suppressed paroxysm. 

§ 44. In the malignant tertians, or in the malignant infectious 
with irregular fever of tertian origin, it is impossible to analyse 
the &cts presented as accurately as can be done in the mild fevers 
and in those of medium gravity, because in the former our 
observations naturally only commence at the moment when we 
begin to use the remedy by hypodermic injections repeated at 
short intervals of time. In one series of cases the temperature 
falls promptly (as it may do in the fevers of medium gravity), even 
when the malignant symptoms still persist for two or three days. 
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It is only in a few cases that we have been unable to ( 
any appreciable influence exerted by the quinine on th 
paroxysm ; it was given in the same way, and also in ver_ 
dosea (for instance, 96 grains in a little more than twei 
hours). Nevertheless even hero it has nsnally prever 
return of a later paroxysm. But if the quantity adm 
during and after the crisis he insufficient, p.g. if 
which is also too small when injected subcutaneoualy, 
only is the following attact not checked, aa far n§ 
observed, but it may even be socceeded by a set 
second attack, which is developed in spite of the 1 
remedy thus insufficiently administered, can be met I 
various forms; thus in some of the casfes we have c 
abortive; in others, on the contrary, it shows the noH 
the summer tertian, while in others it may even b4 
aa prolonged. In several instances we have foona 
paroxysms that are subsequent to the administration! 
display certain oacillatious of temperature which 
pronounced than usual, while the intermissions . 
between two attacks are more clearly defined an' 
length than generally happens in the common tei 
facts are in themselves sufficient to give snppor 
elusion we have already expreKsed with regard I 
thermic resistance observed in these fevers. Bii 
the proposition becomes still more manifest when 
that the same thing ma_)' occur— that is to say, 1' 
second and of a third paroxysm — notwithstanding i 
remedy, and this not only if it be given in insufV 
as we have explained, but also when really larjr 
dueea are administered — for instance, 32 graiiiB, 
every twenty-four hours. 

In the fevers in which the intermissions ten 
perfect and disappear, i. e. where there is an ti' 
continuity, if the quinine be administered in l.h 
the end of an attack, and subsequent doses V' 
intervals of about twelve hours, then it may re? 
is succeeded by a complete intermission uulikt- : 
of things ; but other attacks which are to follow 
although they may be modified in one of H 
ways [11]. 

(6) If the quinine be given during the ■ 
the expected paroxysm, in the ordinary d 
effect may be manifested on the curve of th^ 
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experience goes^ the recarrence is a very frequent events what- 
ever be the method in which the quinine is given^ nor can it 
be avoided^ as a rule^ even when the remedy is continued for 
several days followingj as all physicians know. But this is not 
all; despite repeated and liberal doses of quinine^ a relapse^ 
even in a serious form, may possibly occur, although very rarely, 
after a short interval without fever lasting for four or five days. 

§ 46. Summing up the preceding in a few propositions, we 
formulate the following conclusions : 

In the summer tertian, if the quinine be administered during 
the crisis of a paroxysm and during the subsequent intermission, 
in the majority of cases the following paroxysm is prevented; 
it may happen, however, that the paroxysm is not completely 
suppressed, but takes an abortive form, or is delayed (even for a 
considerable period of time, — from six to twenty-four hours). Only 
exceptionally do we find no discernible influence exerted on the 
next paroxysm. In cases which offer much resistance to the 
remedy^ if the quantity given be insufficient, or even if ordinary 
doses be administered, then a second, and perhaps also a third 
paroxysm may occur. This third paroxysm is generally abortive, 
but there are instances where it shows the normal curve of the 
tertian, or it can even be prolonged. When the quinine is 
continued in the same way — that is to say, during the period of 
apyrexia intervening between two attacks, — we have never 
observed the recurrence of other paroxysms beyond the third, 
counting from the one after which the remedy was first pre- 
scribed. If the fever be a complex one owing to the presence of 
several generations of parasites, the quinine having been given at 
the end of an attack, and repeated on an average every six or 
twelve hoars, does not usually prevent at least one fresh paroxysm, 
which may be more than ordinarily protracted and even 
malignant. 

When the quinine is administered during the period of about 
six hours before the impending attack, then this paroxysm may 
be delayed, or it may become abortive, or, lastly, it may show an 
alteration in the curve, either on account of the initial elevation 
being followed by a rapid fall of the fever, or because of the 
exaggeration of the pseudo-crisis. 

Finally, a paroxysm is not shortened by the administration of 
quinine during its course, but generally its curve is modified. 
The change may either be caused by the lengthening of the 
pseudo-crisis to such an extent that it appears to be a real crisis, 
or else it may be due to the fact that the pre-critical elevation is 

11 
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mens belonging to one seriea of cases. In others^ if the qninine 
be giyen in the same way^ bat soon (after a few hours) sospended^ 
then it may happen that the yonng amoeb® persist for more than 
twenty-fonr honrs (thirty-six and even forty-eight) ; during this 
time they go on developing ; andj becoming slowly pigmented^ 
they produce a delayed attack^ as we have already explained. 

Lastly, in other cases, if the qnantity given be insufficient or 
even if the dose be a large onCj for instance, 32 grains of bimuriate 
of quinine taken by the mouth or injected subcutaneonsly, it is 
possible that there will be no apparent effect of the remedy on 
the development of the parasites, which are succeeded by a fresh 
generation, and consequently a new paroxysm ensues. In in- 
stances of this sort we must assume a certain resistance in the 
infection above the usual average. 

(6) If the quinine be given at the time when the blood only 
contains pigmented plasmodia in process of development, that is 
to say during the last twelve hours, roughly speaking, which 
precede the expected attack, then the evolution of the amoebao 
proceeds till the fission stage is reached ; it is, however, not un- 
reasonable to suppose that the parasitic forms do not all attain 
to completely maturity, because the following paroxysm is usually 
abortive. During this attack no amcebsB belong^ing to the young 
generation are, as a rule, found within the red blood-corpuscles, 
80 that, as far as the parasites are concerned, the examination of 
the blood may yieldi an entirely negative result, saving the pre- 
sence of pigmented white blood-corpuscles. The effect is the same 
whether the remedy be administered by the mouth or by hypo- 
dermic injection. 

In other instances the attack is found to be not only abortive, 
but also delayed. 

Another series of cases shows the following phenomenon. If 
the quinine be given while the parasites are in this phase of their 
development, then the bodies belonging to the group of the cres- 
cent-shaped forms make their appearance. It would appear that 
here the adult forms, instead of arriving at sporulation, take the 
other course of development, which leads to the formation of 
bodies in the semilunar phase, the significance of which is, as we 
have already stated, still obscure. 

If it be remembered that, as regards the parasites of th 
summer tertian, the changes preceding fission are carried out in 
a short space of time, it will be understood how impossible it i 
to study the effect of quinine exclusively on this particular lif 
stage of the amceba ; these forms are always found in com pan 
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with others less advanced in development^ as well as witii fonns 
of fission already completedj on all of which the action of the 
remedy is simoltaneonsly exerted. 

(c) If the quinine be administered at the beginning of a 
paroxysm^ when the blood only contains forms in which either the 
fission is accomplished or is still in progress (although these are 
but rarely seen in the blood of the finger)^ then the amoebso of 
the new generation are found to be affected in a marked manner. 
During the course of the paroxysm they become extremely scanty 
in number^ and disappear within twenty-four hours^ especially if 
the remedy be continued when the attack has become advanced ; 
at the same time the red blood-corpuscles containing them 
shrivel up^ and assume the appearance of the so-called brassy 
blood-corpuscles^ while the young amoebaa show not the least 
signs of development. 

In spite of the remarkable paucity of parasites during its 
course^ the paroxysm may nevertheless he severe, owing to the 
duration and height of the fever^ as well as on account of the 
accompanying symptoms. There are^ indeed, cases in which, 
when the quinine is given as above stated — ^that is to say, at the 
beginning of the paroxysm — and continued during its course, the 
fever is protracted beyond the length of an ordmary paroxysm. 
Now in these instances an accurate examination of the blood will 
show that the new generation of amoebsd appears a long time 
(even twenty-four hours) after the fever has begun, and for the 
most part in very moderate numbers. It is probable that this 
fact — that is, the slow invasion by the young amoebaa of the red 
blood-corpuscles consequent on the action of the quinine — stands 
in a causal connection with the prolongation of the paroxysm 
beyond the usual duration. For just as the paroxysm arises 
from the diffusion in the blood of the materials derived from the 
fission, so it would seem that the cessation of the paroxysm 
results from the entrance into the red blood-corpuscles of the 
young amoebsd derived from the spores. It is as if every cause 
for fever was removed simultaneously with the disappearance of 
the free foreign elements scattered about in the blood-plasma. 
We have, indeed, already observed that the number of young 
endoglobular amoebsB progressively increases during the course 
of a paroxysm, and attains its maximum at the close. 

This being so, it may be supposed that the process, whereby 
the plasma is relieved of the free parasites diffused in it, is re- 
tarded through the action of the quinine given at the beginning 
of the paroxysm, and that consequently there is a corresponding 



ON THE PARASITICIDE AOTION OF QUININE. 165 

delay before those of the amoebaa which sacceed in escaping^ or 
resisting the effect of the remedy^ begin their endoglobalar 
life^ whence results the prolongation of the paroxysm. 

We ooght to add thatj at least according to oar experience^ 
exceptional cases are to be found in which the quinine, when ad- 
ministered as described at the beginning of this paragraph^ has 
but a minimum effect on the life of the plasmodia ; this especially 
happens if an insufficient quantity has been employed (e. g. 
i6 grains of sulphate or bimuriate of quinine)^ and if it has been 
given by the mouth. 

The facts which we have set forth in the three preceding 
sections receive additional confirmation from a study of those 
cases where parasites in different stages of development are found 
in the blood at the time of administering the remedy. In these 
instances it is possible to trace in the blood itself the action of the 
quinine on the various phases of the life of the plasmodia. The 
results of our observations are as follows : 

If the parasites consist of young forms together with adult 
ones ripe for multiplication^ as is usually the case in the 
dangerous fevers (malignant subcontinued^ &c.)^ the first to dis- 
appear are the adult forms, which are not succeeded by a fresh 
generation^ while the young amoebaa (the plasmodia without pig- 
ment) remain till the last^ — for more than twenty-four hours, and 
in some cases for a still longer period, as from thirty-six to forty- 
eight hours. The red blood-corpuscles also which contain them 
undergo alteration, and present the characteristics of the '' brassy^' 
condition ; furthermore, along with the parasites, the pigmented 
white blood-corpuscles persist in the circulating blood. This is 
the result which ensues when the administration of the remedy 
is continued in three or four doses at intervals of from six to 
twelve hours. 

Even in the most dangerous fevers, and in the fatal malignant 
infections^ there may be observed the same progressive decrease 
and successive disappearance of the parasites up to the time of 
deaths in consequence of the effect of strong and repeated doses 
of quinine. But it is easy to foresee^ from what has been said 
above, that also in this latter group cases may be found in which the 
sequence of phenomena is somewhat different from that described, 
causing us to suppose that there is a peculiar resistance offered to 
the action of the remedy. Thus it sometimes happens that, 
although the quinine is repeatedly given^ a portion of the young 
parasitic generation goes on developing until a fresh paroxysm is 
produced, which may even he prolonged. It is remarkable that 
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the generation of parasites in coarse of deyelopment may be 
BO limited as to numbers that it escapes notice^ even for a 
long time^ 6. g. twelve hoars ; bat the endoglobolar amoeboid 
forms increase in nnmber daring the paroxysm, corresponding 
in a certain ratio with the gravity of the latter. We have 
already remarked that it is no rare occnrrence to see the 
crescent-shaped bodies appear, or (if they were already in 
the blood) increase in nnmber, at the same time that the 
endoglobnlar amoebae become fewer under the influence of the 
quinine. In cases belonging to this last series the same fact is 
more frequently and more clearly observed. Generally speaking, 
it is a question that has to do with dangerous fevers which have 
already lasted for a certain time, and where the parasites are 
very numerous ; which, in our opinion, is the explanation of the 
phenomenon. 

It is well known that, during the periods of freedom from fever 
subsequent to a series of paroxysms, the forms of the crescent- 
shaped phase frequently persist in the blood from one to two 
weeks. 

On this (the crescent-shaped) phase in the life of the amoeba, 
the salts of quinine even when liberally employed {e. g. from i6 to 
32 grains per diem) exert no appreciable influence ; Laveran was 
the first to notice this, and it has been confirmed by Chenzinski, 
Councilman, Marchiafava, Gelli, Guamieri, &c. 

§ 48. We now proceed to sum up the facts we have described 
in the following propositions : — When the quinine is administered 
at the end of a paroxysm, there being none but non-pigmented 
Plasmodia in the blood, then as a rule the development of these 
Plasmodia is checked, and they disappear between from twelve 
to twenty-four hours, less frequently from thirty-six to forty- 
eight hours ; or else they develop partially, and become slowly 
pigmented, tbus giving rise to a delayed paroxysm ; or, lastly, 
in exceptional cases, where we must assume a great resistance on 
the part of the amoebae to the influence of the alkaloid, they 
develop normally both in time and manner. This is especially 
the case when the whole quantity of quinine prescribed is taken 
in one dose. 

If the remedy be given during the apyrexia preceding a 
paroxysm, there being in the blood only adult forms, which are just 
beginning or have already commenced to display the changes 
which end in fission, then, although, as is well known, the im- 
pending paroxysm is not prevented, the new generation fails to 
make its appearance within the red blood-corpuscles. If, how- 
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ever^ ihe temperature is already beginning to rise at the time 
that the quinine is administered, a different result generally 
obtains; for in this case we find that the new generation is 
either visible during the paroxysm in a very small and feeble 
form^ and then rapidly disappears, or else that it appears a long 
time— even twenty-four hours — after the fever has begun. 

Finally, if the condition of the parasites be complex at the 
time when the remedy is first employed, then the different forms 
usually vanish one by one, the longest to remain in the blood 
being the plasmodia without pigment, the pigmented white blood- 
corpuscles alone survive these. The last-named parasitic forms 
are either arrested in their growth, while the red blood-corpuscles 
become '^ brassy,'' or else their development is only partial. 

§ 49« Essentially the same facts are observed in the quotidian. 
Thus, when the quinine is administered after the crisis of a 
paroxysm, the young forms persist in the blood for rather a long 
time, it may be even for more than twenty-four hours; after 
which they disappear, without showing previously any sign of 
development. 

If an insufficient amount of the remedy has been employed, or 
even where large quantities are used (e. g. 32 grains injected sub- 
cutaneously), provided they are administered in a single dose, it 
may happen that the development of the young amoebas proceeds, 
and that no appreciable effect of the quinine can be detected. If 
the remedy be administered a little before the commencement 
of a paroxysm, or exactly at the beginning, the paroxysm is not 
thereby averted, but the new generation of young amcebad are 
prevented from invading fresh red blood-corpuscles. 

§ 50. The conclusions above established sufficiently determine 
the modifications consequent on the action of quinine which the 
parasites in the summer fevers undergo, as well as the length of 
time during which the various forms still persist in the blood 
after the use of the alkaloid, &c. We have now to inquire 
more closely into the morphological and biological changes which 
the alkaloid produces on the different phases of the amoeba's life. 
The young endoglobular amoebad, endowed as they are with 
extremely rapid movement, do not seem to be affected in the least 
for some hours after the administration of the remedy ; the move- 
ments continue, indeed in many cases they appear to be actually 
increased, as Baccelli also has remarked. But aft^r the lapse of 
several hours the amoebad assume the discoid or annular form, 
their movement first becomes slaggish and then. entirely ceases, 
while the red blood-corpuscle shrivels up, and its colour changes 
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and grows darker than asual. What is more ioterestiDg to 
observe is that the untritive processes of the amceba become 
feeble and then cease altogether ; in fact the ao a -pigmented 
parasite does not proceed to develop and acquire pigment ; and 
in cases where very fine granalea of pigment, arranged at the 
circnmference of the amoeba, have already appeared, the pigmen- 
tation goes no further. This may be taken as the general rnle. 

On the other hand, there is a certain characteristic belonging 
to this group of summer-autnmn fevers, which is analogous to 
what Golgi has observed in the quartans ; we refer to the fact 
that those intimate modifications which accompany the act of 
fission are carried out despite the action of the remedy, until the 
entire process is completed, as may be arrived at not so much 
from examining the blood of the finger, as from noting the presence 
of nnmerous fissional forms in the cerebral capillaries, even when 
death has occarred after several hours from the time that liberal 
doses of qninine were given [12]. But the new generation 
resulting from this production of spores, which is accomplished 
nnder the inflaence of the alkaloid, does not invade any other 
red blood-corpuscles. 

Other changes, manifested, for instance, in the appearance of 
the parasites, in their shape, in the characteristics of the pigment, 
&c., cannot be seen in this class of fevers. 

While the other phenomena we have described may be satis- 
factorily interpreted without difficulty, the last-mentioned fact 
cannot be itself directly observed, and hence it is possible to 
frame various hypotheses with a view to its explanation. The 
question is, what becomes of the spores formed during the period 
in which the quinine is active, and are they or are they not the 
source from which the new generation springs ? We know that 
not only the free spores, but also the amcBbfe, previous to their 
invasion of the red blood-corpuscles, pass, as a rule, undetected. 
Now, with regard to this matter, one may suppose (i) either that 
the quinine has a fatal effect on the spores, or on the yoang 
amojbie which are evolved from them; (ii) or else that it does 
not destroy the spores, but prevents their transformation into 
young Plasmodia. Of these two hypotheses, the first is opposed 
by the fact that all the malarial infections belonging to this group 
are nearly invariably followed by the recurrence of the fever; 
hence, supposing we assume that the quinine has the power to 
kill the spores aud the young amcebae which spring from them, 
it must nevertheless be admitted that not all the forms are sub- 
ject to this lethal action, which, consequently, cannot be said to 
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be general, or without exception. Otherwise we should be 
obliged logically to maintain that no fever ought to be succeeded 
by a recurrence, provided it be energetically treated before the 
onset of a paroxysm, so that the maximum influence of the remedy 
is exerted on the spores and on the free amoebsB in the blood- 
plasma. But experience shows that, as a matter of fact, in the 
majority of cases recurrences do occur, notwithstanding the most 
active measures ; they are observed, indeed, in patients who have 
been kept for a long time in the hospital, where it would be out 
of the question to suppose that a fresh infection had arisen. 
Therefore the inference to be drawn is that, granting the quinine 
destroys the spores or the young amoebae resulting therefrom, 
there is always, or almost always, a certain number of parasites 
which escape, and that it is these which, after a period of incuba- 
tion, determine the recurrence. 

In support of the second hypothesis we have the fact of the 
tardy appearance of the plasmodia within the red blood-corpus- 
cles in the case of those prolonged paroxysms which succeed (as 
we have pointed out) the administration of quinine. The pheno- 
menon may be interpreted as follows : — If the remedy be given 
at the beginning of a paroxysm, or a little before, at the time 
when there is nothing but adult forms or those in process of 
Begmentation in the blood, the development of the spores is 
arrested ; but when, after some hours, the quantity of quinine in 
circulation, owing to its rapid elimination, has become too little 
to continue to induce this effect, then the amoebsB are evolved 
from the spores, and penetrate into fresh red blood-corpuscles, but 
more slowly than they usually do. Whatever be the true ex- 
planation one fact remains certain, and this is, that both in the 
summer and in the quartan and tertian fevers the maodmufn and 
most rapid action of the remedy is exerted on that phase of the 
parasite's extra-glohular life which is subsequent to the completion 
of the spore formation. With regard to the other phases of the 
amoeba's life, it may be said that the quinine operates so far as to 
hinder nutrition and development, but it is powerless to prevent 
the process of fission, even when it has hardly commenced. 

From these facts we can deduce a law, which may be formu- 
lated thus : — Quinine acts on the amoeba of malaria in those phases 
of its life which are occupied in nutrition and development ; when, 
however^ the transformation of hssmoglobin into black pigment is 
arrested, and in consequence the nutritive activity ceases and the 
reproductive phase begins, then against this latter process quinine 
is of no avail. 
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This reeistance of the adult forms^ which in spite of the action 
of the remedy complete the phase of fission or spomlation^ explains 
the powerlessness of the drag in so many cases of fatal malig- 
nancy. The fission of the adult forms takes place, whatever be 
the quantity of quinine employed, and however it be adminis' 
tered. Now if, as is more than probable, poisonous materials are 
formed during the fission, it is clear that the treatment is in- 
capable of counteracting the injurious effects which these produce^ 
and (what is more important) that it is still less able to prevent 
the accumulation of parasite-laden red blood-corpuscles in the 
vessels of the different organs, especially in those of the brain. 
In the cases of fatal malignancy which we have observed, the 
autopsy revealed a great predominance of adult forms (t. e. plas- 
modia with a small mass of pigment at the centre) and of fissional 
forms, especially when we came to examine the internal organs. 
We have already indicated that this also is one of the reasons why 
the presence in a malignant infection of a large number of adult 
forms leads one to make a very serious prognosis. 

But if all these facts place it beyond doubt that the quinine 
actively hinders and changes the nutritive processes which are 
carried out in the amoeba, so, on the other hand, it cannot be 
denied that the remedy may also possess a more complex power 
of action, and may exert an indirect influence on the life of the 
parasite. Certain experiments carried out by Binz and his collar 
borateurs have demonstrated that quinine has a directly preventive 
effect on oxidation and some other processes which are due to the 
presence of hssmoglobin. If a neutral salt of quinine be added to 
blood, no spectroscopic modification of the hsBmoglobin takes 
place, but the conduction of oxygen from ozonised turpentine to 
guaiacum — ^which is induced by a certain property of hsBmoglobin 
— is either stopped or distinctly retarded. Rossbach attributes 
this action of quinine to the following cause : — " Quinine does 
not modify the property of hssmoglobin whereby it is a conductor 
of oxygen ; it only makes the latter (the oxygen) combine more 
closely with the ^colouring matter, and does not allow it to pass 
so readily into other substances.^^ 

If now we take due accoant of these ascertained facts, we cannot 
but admit that the action of the remedy not only extends directly 
to the parasite, but that it also alters the red blood-corpuscle 
in such a way as to render it less fit, or unfit, for the amoeba to 
live in. 

Hence it seems to us that in our investigations as to the mode 
in which quinine influences the malarial parasites, it is of import- 
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anoe to bear in mind tbe pmwihiKty tiiat this actioii parity ocm- 
aists in modifjring the flnid in whidi tbe amoaha lires^ wkoae 
normal natrition is tberebj hindered. 



After this statement of facta, we feel bound to record here that 
all recent reeearchea afford the folkat oonjBrmation of the theory 
^which Bins haa nphdd for many years, and which both he and 
liis school haye defended in a series of wcnb — a theory which 
maintains that the caose of the remarikaUe ^ca^ of quinine 
against malaria lies in the specific action of the drag on the 
malarial parasites, and not in a hypothetical and an]»t>yed effect 
on the nervons systenu 

§ 51. After all the experioice gained and aocomnlated by physi- 
cians of every country with r^ard to the eCbct of qoinine on the 
malarial fevers, the method of administration, the most suitable 
time of employing it in connection with the succession of the 
paroxysms, &c., it was not reasonably to be expected that the 
above studies could do more than confirm and rationally interpret 
certain rules or laws which have been already adopted by every- 
body, and the usefulness of which is generally recognised. The 
only result that we could hope these researches might yield, was 
that such confirmation might be of real use in practice. 

Many practitioners, owing to lack of other means of investiga- 
tion, are compelled, in many cases where the diagnosis is doubtful, 
to form their judgment of the malarial nature of a fever through 
the action of quinine. Now it is clear that the only sure guide 
in diagnosing is the exact knowledge of the modifications pro- 
duced by the drug on the thermic curve in the different groups 
of fevers ; and this is the reason why we have devoted so much 
time to the consideration of this series of &ots. 

With regard to the course to be followed as to the administra- 
tion of the remedy in this group of fevers, the foregoing con- 
clusions indicate that the method usually employed in our hospitals 
is the most advisable. At the close of his inquiries into the 
effect of quinine on the quartan amoeba, Gh>lgi expresses a strong 
belief that the most rational mode of treatment is to employ the 
remedy some hours before the paroxysm, so that its maximum 
action may be spent on the young forms resulting from the 
fission while they are still free in the blood-plasma ; for this is 
the period of their life on which the influence of the drug has 
the greatest effect. In the summer-autumn group of fevers we 
have proved that quinine operates with great efficacy on all the 
amoeba's life-phases, that alone excepted wherein the process of 
reproduction is completed. But even if the remedy be given at 
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the time when the blood contains nothing but parasites which 
are ripe for or actually in course of fission, a beneficial influence 
is nevertheless brought to bear on the amcebie produced from the 
spores. We have also seen that the administration of a single 
dose, and even of a large one, is less efficacious than a number 
of doses repeated every five or six hours, even though they be 
collectively smaller in quantity. Now, seeing that these fevers 
in the vast majority of cases are dangerous, and moreover that 
the drug is not without a useful effect at whatever time it be 
employed, it is clear that recourse to it ought not to be put ofi 
until some hours before a paroxysm begins (which in the quartan 
and tertian is the best course) ; it will be well to administer it nf 
soon as possible, and repeat the dose at intervals of from four to six 
hours, no matter what may be the particular point in the course of 
the fever at which the remedy ia first commenced. This ia exactly 
how nearly all the cases in our hospitals are treated, and it is a 
plan which is strictly and completely rational.^ 

It may be asked whether it is possible to escape the recurrence 
if the quinine be continued for several days after the cessation 
of the fever. As far as onr own experience goes, we cannot give 
an affirmative answer to this question. In several esses we have 
administered the remedy for four or five days, and even for a 
longer time, after complete absence of fever had been secured, 

' In obstinate qiiartati infection a Puccinutti adviseBthat thequinineabould 
be given one or two hours before the attack. By following this method 
" prompter and more certain i-eeulta are obtained " than froui the other 
plan, which ia to employ the remedy at a time as far removed as possible &om 
the paroxjsm. Bnt in the malignant infections (he saye) the quinine moat be 
administered nithont delay during tbe paroxysm itself, in as large a quantity 
as can be given, and in the most effective way possible ; bo that the rules 
which Puccinotti succeeded in forming from clinical observation evidently 
agree in the most perfect way with recent researches. He closes the discus- 
sion of this subject as follows ; — " In all the intermittent malarial infections, 
both benign and malignant, excepting where it is necessary to make use of 
some prepai-ation of quinine during the paroxysm itself, it may be main- 
tained, as a general thei-apeutic rule, that the strongest dose of quinine 
ought to be given immediately before the onset of a paroxysm, and that in 
tbe intermittent quartans and tertians which are of benign nature, we may 
and ought to defer the administration of the remedy until this favorable 
time arrives. The longer the fever has persisted, and the more it has shown 
resistance to tbe system of small and divided doses, tbe greater is the need 
for employing this method; whereas in tbe malignant infections the aafesC 
and most efficacious course to pursue is to give tbe quinine during the 
whole period of the apyreiia, tbe doses being gradually increased in strength 
up to the last moment before the new paroxysm begins." (' Opere Mediohe 
di Francesco Puccinotti,' p. 336, Milano, 1856.) 
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and yet^ thoagh we also made use of rather large doses (e. g. 32 
grains per diem), the recurrence was not prevented ; for the rest^ 
this is an event with which physicians are very familiar. It 
would seem, therefore, that quinine has no appreciable effect on 
those parasitic forms which keep up the infection in a latent con- 
dition, and which, after a certain period of incubation, determine 
the recurrences. By far the greatest number of these infections 
are put an end to gradiially, through a progressive weakening 
of the recurrences. Each time one of these occurs, a large 
number of parasites develop in such forms, as are then 
destroyed by the action of the remedy ; in this way the inherent 
energy of the infection tends little by little to become exhausted. 
Hence it is our opinion that the complete cure of a malarial 
infection may be looked upon as a sort of fractional ateriliaa' 
tion, which we produce on the advent of each recurrence through 
the agency of quinine, until the strength of the disease is at 
last completely spent. 



CHAPTER IX. 

PHAGOOTTISM IN THE SUMMER- AUTUMN FEVERS. 

Phagocytosis in the circulatory blood in the spleen and ivf the 
hone marrow — Cyclic development of the phenomena of phago- 
cytosis in the summer^autumn fevers— -Cyclic development of 
the same phenomena in the quartan and tertian — Differences 
which are noticeable in these two groups of fever, from the 
point of view of phagocytosis — Importance of phagocytosis in 
relation to spontaneous cure, and in relation to recovery brought 
about by quinine. 

§ 52. Our study of the cure effected in these fevers by quinine 
leads ns now to inquire how far the processes of phagocjrtosis 
are of importance in connection with the resistance shown to the 
infection. The principal facts known with regard to the phago- 
cyte action of the leucocytes in malaria are to be found in various 
published works on the etiology and pathological anatomy of this 
disease. Marchiafava^ Celli^ and Guamieri have studied the 
phenomena of phagocytosis directly, under the microscope, in the 
blood as it circulates. Guamieri and Bignami have observed 
the same processes in the organs of persons who have succumbed 
to a malignant attack. Their investigations have enabled them 
to describe the characteristics of the leucocytes which perform 
this function. For the most part they present the form of large 
mononucleated cells with finely granular protoplasm. Some- 
times these phagocytes attain gigantic proportions, and are pro- 
vided with large shining granules of varying size, which are only 
to be seen in fresh preparations ; in the Ehrlich-Koch prepara- 
tions they remain unstained. It has been remarked that the 
largest elements belonging to this species are found in great 
quantities, especially in the malignant infections. But the 
phagocyte function has been recognised not only in these large 
elements of spleno-meduUary origin, but also in the endothelial 
cells; the latter, equally with the former, contain adult para- 
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sitic forms, and bodies of which the fission is already completed 
or still in progress, as well as amo^biferons red blood-oorpnscles 
^which have undergone alteration, either through becoming 
ehrivelled up (brassy blood-corpuscles) or through loss of the 
lisamoglobin (decolourised red blood-corpuscles) ; in addition to 
these may be seen amoebso-laden red blood-corpuscles, to all 
appearance normal in condition ; the bodies also which belong to 
the group of crescent-shaped forms are found enclosed in the 
white cells. But of all the elements thus met with, it is the 
black or rusty- coloured pigment which constitutes by far the 
greatest part ; it may be either collected together in large groups, 
or in small spherical blocks, or else divided into fine granules or 
needles. In preparations it can be seen not infrequently that 
the enclosed bodies are contained in a large cavity formed in the 
protoplasm of the white cell, as described and figured by Bignami. 
The polynucleated cells (elements with neutrophil granules) are 
not so often pigmented as the large mononucleated leucocytes, 
while the lymphocytes and eosinophil white blood-corpuscles 
never contain pigment or other debris. It has further been 
observed that the development of the phagocyte function is 
accompanied by profound alterations not only in the bodies in- 
cluded in the white cells, but also in the white blood-corpuscles 
themselves which enclose them; these changes can be better 
studied in the phagocytes collected in the spleen, in the liver, 
and in the bone marrow, than in those which are seen circulating 
in the blood during and after the paroxysms of fever. The 
pigment, comprised in small blocks or in granules, gathers together 
in large shapeless masses ; at the same time the hsBmoglobin of 
the amoebiferous red blood-corpuscles passes through its well- 
known modifications until it is turned into msty-coloured pigment. 
The parasites then become disintegrated and disappear in a short 
time, but the enclosed spores remain longer visible. The leuco- 
cytes which contain them have been observed to undergo a series 
of degenerative changes, shown in the structure of the nucleus — 
changes which allow us to state with certainty that, as a general 
rule, these elements degenerate and perish after the completion 
of their phagocyte function, and when they have been deposited 
in the spleen, liver, and bone marrow. 

In the meantime leucocytes are found in the spleen and bone 
marrow with their nuclei in process of fragmentation or in karyo- 
kinesis ; these are never pigmented, and bear witness to the exist- 
ence of an active reparative process. The phagocjrte function is 
therefore generally carried out by a species of spleno-meduUary 
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leucocytes (large mononucleated leucocytea) which degenen 
and die in large numbers (as Gaarnieri and Bignami hare ooticed) 
in consequence of their performing it; they are then succeeded by 
young elements of the same species, which rapidly multiply in the 
spleen and bone marrow.^ 

Notwithstanding these phenomena of cellular reproduction 
in the spleen and bone marrow, in the majority of cases the 
white blood-corpuscles decrease in number, both relatively and 
absolutely, during the malarial infection, as the researches carried 
out by Eelscb and Dinnisi have proved. According to Kelach, it is 
only during the malignant paroxysms that the white blood-cor- 
puscles increase, but even then not with any steadiness, and in 
any case merely for a short time. In the opinion of Dionisij the 
white blood-corpuscles share the fortunes of the red ones; bnt 
sometimes they take an opposite course, that is to say, they be- 
come enormously reduced in quantity, while the red blood-cor- 
puscles tend to recover their normal proportion. All these facts 
lead us to the conclusion that in malaria there does not exist any 
leucocytosis in the proper sense of the word. The ordinary lenco- 
cytosis, which occurs in many diseases and especially iu infections 
of pyogenic nature, is marked by a transitory numerical increase 
of the white blood-corpuscles in the blood, chiefly of the variety 
that has a polymorphous nucleus and a finely granular proto- 
plasm, endowed with great power of motion (Ehrlich's cells with 
neutrophil granules, or Max Schultze'a cells with granular 
protoplasm).' It may be well to repeat here that malaria, by 
itself, does not determine this sort of leucocytosis, which is found 
to a very pronounced degree in inflammatory diseases for instance. 
So that when the blood of persons suffering from malaria happens 
to show a considerable increase of polynucleated neutrophil white 
blood -corpuscles, we must assume the existence of another 
infection, which, being associated with the malarial fever, is the 
cause of this change in the blood. Thus on several occasions 
both Dr. G. Bastianelli and ourselves have been led to suspect 
the presence of a complication, e. g. pneumonia, or suppuration, 
or erysipelas, simply from examining the blood; because, in 
addition to the alterations that properly belong to malaria, we 

' A complete etudj on the pa-thology of the white blood -corpuHclea in 
malaria was ■■ecently read bj Dr. G. Baatianelli before the Medical Academy 
of Rome (aitting held May 2rai, 1S93). Our own concltiaionB agree with 
those which Dr. Bastianelli has ai-rived at. 

- Dr. H. Rieder, ' Beitriige zur EenntniBS der Lenkocytose,' pp. ay and 
following, Leipzig, F. C. W. Vogel, 1892. 
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sncceeded in discoyering this lencocytosis. The clinical examina- 
tion was found to confirm the opinion we had formed [13]. 

§53- Golgi^ has studied the method whereby the phenomena 
of phagocytosis in the quartan and tertian are evolved in 
cycles^ and has expressed his results in a comprehensive article^ 
which we shall again have occasion to quote. The law which 
he has formulated is as follows : — '' Phagocytism is a process 
which is periodically evolved as a regular function of the white 
blood-corpuscles — which develops in precise correspondence with 
fixed phases in the malarial parasites' evolutionary cycle^ and 
during a determinate period in each paroxysm of fever.'' 

It now remains to inquire how the process of phagocytosis is 
characterised in the summer malarial fevers during the course of 
the paroxysm^ and whether the sequence of facts is as regular as 
in the quartan and tertian. 

If we take into consideration the results obtained from 
autopsies on malarial subjects^ we must conclude that phago- 
cytosis takes place in the entire vascular system, but preferably in 
that of certain of the viscera (the spleen and bone marrow), so 
that what we find in the blood taken from the finger must be 
looked upon as an episode in a process which is carried out by 
preference in the vessels of the internal viscera; and hence it 
follows that, should no instances of phagocytosis be met with in 
the blood of the finger, we cannot infer with certainty that there 
are none elsewhere at the same time. 

When we examine the blood taken from the finger at different 
stages in the attack, and in the interval it is found that phago- 
cyte forms begin to make their appearance at the commencement 
of the paroxysm, they chiefly consist of white blood-corpuscles, 
enclosing the same small round masses of pigment that are seen 
at the centre of the forms of fission. During the course of the 
paroxysm they go on increasing, until towards its close they some- 
times become extremely numerous. In typical cases of summer 
tertian the maximum quantity of pigment-laden white blood- 
corpuscles is usually to be met with about the time of the pre- 
critical elevation. 

In the short period of apyrexia they decrease considerably, or 
else disappear (though this a rare occurrence) only to reappear in 

^ C. Gk)lgi, ' II fagocitismo nell' infezione Malarica, Biforma Medica,' May, 
1888. In this article the author has set forth the history of the questions that 
have gathered round the subject, and has given the observations of Laveran, 
Metschnikoff, Marchiafava, Celli, Guamieri, and others ; and to it we refer 
our readers for further information. 

12 
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large nnmbers when the fever returns. The presence ot phago- 
cyte forniB during the paroxysm may be almost always verified ; 
indeed, there are cases of mild summer tertian where sometimes 
it is impossible to find parasites in the blood of the finger during 
short intervals of time, but the pigmented white blood- corpuscles 
enable the physician to diagnose the infection as malarial. 

This cyclical function of the white blood- corpuscles, which is 
carried out in correspondence with the paroxysms of fever, 
may be easily traced in cases where the infection is recent ; but 
its course cannot be followed if the diseate has lasted for a 
fairly long time. In instances of this sort, pigmented white 
blood-corpuscles are fonnd every time the blood is examined, and 
it may be imposaible to say when they are increasing or 
diminishing; moreover the shortness of the periods of apyrexia 
is another diflSculty in the way of forming a judgment. That in 
these cases phagocytes are met with not only during and a little 
after the paroxysm, but also throughout the whole apyrexia, is 
no bard matter to explain. As a matter of fact it is well known 
that large numbers of pigmented white blood-corposcles, and 
generally phagocyte forms as well, are found in the organs of 
those who have died from a malignant infection. After the 
acute stage of the fever has passed away these bodies slowly 
leave the vascular system of the lungs, kidneys, intestines, &c., 
and gather together in the spleen, liver, and bone marrow. Now 
experience shows that this process of purifying the vascular 
system takes many hours, and in some cases several days to 
complete ; hence, when, owing to the succession of different 
paroxysms, the capillary syatem of the various viscera has been 
polluted by a great quantity of phagocj^ies, it is obvious that 
these forms must still be seen circulating in the blood during an 
apyrexia intervening between two paroxysms ; and the difficulty 
of following the cycle of the phagocyte function will be found to 
vary directly as the gravity and extension of this pollution. For 
the same reasons it will be understood how it is that in the 
apyrexia which is interposed between a series of paroxysms and 
the relapse, a small quantity of pigmented white blood -corpuscles 
may still be seen in the blood, even for several days (for instance, 
four or five}, at a time when the parasites have completely 
disappeared. It will also be perceived why the severe and 
malignant infections show the same state of things ; in these 
cases, even after a care has been effected by the extinction of 
the acute infontion, one may still see pigmented lencocytea in the 
blood for or eight days ; they consist for the most part 
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of the Ittrge pigmented or blood-corpuscle-laden macrophagi^ 
showing signs of degeneration or of necrosis. 

It may be frequently noticed that just in proportion as the 
endoglobniar parasitic forms go on decreasing under the action of 
the specific remedy, so the number of the phagocytes increases — 
in &tal cases till death supenrenes, and this even when the para- 
sites have almost entirely disappeared. 

When the fever is cured by treatment with quinine the pig- 
mented leucocytes continue to be seen in the blood for one, two, 
or three days, and it may be for a longer time in instances where 
the parasites and also the phagocyte forms were found in very 
large quantities previous to the employment of the remedy. 
Sometimes, indeed, after the administration of quinine the pig- 
mented and blood-corpuscle-laden leucocytes become exceedingly 
numerous, — ^in fact, so much so that it may be possible to judge 
of the increase on examining the ordinary preparations of blood, 
without making use of one of the well-known methods of 
estimation. As we have already remarked, this phenomenon is 
usually more frequently to be seen in the malignant fevers, and 
not only in those which end in recovery, but also in those which 
do not — a point which is worthy of notice. 

Finally, in cases where, despite the action of the remedy, the 
life-cycle of a portion of the parasites is continued, and the 
fever, in consequence, persists, the pigmented white blood- 
corpuscles still remain visible even for several days (four, five, 
six, and it may be more), and diminish progressively and pro- 
portionately with the parallel decrease in the amcebs. In 
instances of spontaneous recovery we have carefully examined the 
blood from this point of view, but have not succeeded in obtain- 
ing any constant results. In some cases, as the attacks were 
becoming less and less until they entirely vanished, we have 
thought we could detect an increase in the phagocyte forms 
when compared with the amount observed on the days preceding 
the time when the infection showed a tendency to pass away ; in 
other cases, on the contrary, the pigment-laden white blood- 
oorpuscles appear to diminish in correspondence with the gradual 
disappearance of the parasites. 

When the fever has ceased, and bodies of the cresceni-sbaped 
phase persist in the blood, then so long as these forms remain 
(about twelve or thirteen days) pigmented white blood-corpuscles 
continue to be seen at intervals. 
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§ 54. The evolution of the phagocyte fanction in the qnartan 
and tertian has been followed by Gtolgi, and we can confirm his 
observations. 

We will give the summary of his investigations in his own 
words : ^ — " It would be useless to look for signs of phagocytism 
in the blood as it circulates at the time when the parasites of 
malaria are in their endoglobular stage^ or when they are passing 
through the phases preceding complete maturity ; on the other 
hand^ when the amcsbso are full-grown and are ripe for segmen- 
tation, or when the segmentation has just taken place, then the 
activity of the phagocytes may be seen easily enough. This 
begins simultaneously with the onset of the paroxysm, becomes 
more marked in the course of three or four hours, and termi- 
nates some hours after its close, although even later than this 
certain facts pointing to the continuance of the process may be 
verified. The phenomena, in their entirety, run their course in a 
period of six, eight, or twelve hours.^^ The author then proceeds 
to describe how, during the period when the paroxysm is being 
prepared, the blood contains white blood-corpuscles enclosing 
forms which are either still in process of segmentation or have 
already separated, or, it may be, they comprise isolated masses 
of pigment. Later on, the same malarial forms are found 
included in white blood-corpuscles, but in a state of disintegra- 
tion, which constantly increases until nothing is left but ex- 
tremely fine granules of pigment. After ten or twelve hours, 
when the destruction of the materials contained in the leucocytes 
has been completed, the phagocyte forms disappear, only to re- 
appear with the subsequent attack, and pass through a similar 
evolution. 

§ 55. If now we compare these facts with those observed in the 
dangerous fevers, certain important differences will become evident. 
First and foremost, we must draw attention to what we have 
already noticed, namely, the fact that in the dangerous infections 
one frequently meets with blood-corpuscle-laden cells, and espe- 
cially with large leucocytes containing brassy red blood-corpuscles 
laden with plasmodia, while the enclosed red blood-corpuscles 
may be either entirely decolourised, or may retain an almost 
normal aspect ; and they may comprise young plasmodia without 
pigment and discoid in shape, or pigmented forms, or corpuscles 
with pigment at the centre in process of fission ; or, lastly, bodies 
belonging to the group of crescent-shaped forms. Therefore in 

1 C. Gol^i, "Azione della chinina sni parassiti malarici," 'Atti Istituto 
Lombardo,' vol. xxv, No. 5, p. 357. 
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the dangerous fevers the process of phagocytosis is developed even 
'' when the parasites are in their endoglobular stage, and when they 
are passing throiigh the phases preceding maturity. *' In speaking 
of the malignant infections we have had occasion to point out 
that the parasites of the snmmer-antnmn group are not only more 
vimlent — ^that is to say, capable of greater reprodactive energy 
—than those of the spring fevers, bat that they are also more 
poisonous. This higher degree of vimlence is shown in part by 
the swiftness of the change which the amceba, as it grows, 
works in the red blood-corpuscle ; its chemical and physical pro- 
perties, its appearance, its colouring, its elasticity, &c., are all 
modified. It is more than probable that in these profound alte- 
rations lies the reason why amoebas-laden red blood-corpuscles are 
found enclosed in the white cells even long before the fission, 
and, moreover, at a time when a large portion of the substance of 
the invaded blood-corpuscle still remains intact. This process, 
whereby amoebiferous red blood-corpuscles, to all appearance 
in a normal condition, are included in white cells, would lead 
one to suppose that the poisonous change in the blood-corpuscle 
is already far advanced even before it is manifested through 
visible modifications in regard to colouring, form, &c. As we have 
said, these phenomena are not to be seen during the corresponding 
stage in the development of the tertian and quartan amoeba. 

If now the whole series of facts as set forth be borne in mind, 
it is believed that they may be summed up and formulated in 
the following law : — " The phagocyte function of the white blood" 
corpuscles in the summer'Cmtumn fevers is carried out on the para- 
sites, and the small masses or granules of pigment, which have 
become extra^globular, and are shed abroad in the plasmu in a free 
state, is also carried out on those red blood»corpuscles in which prO" 
found degenerative alterations have been determined by the amoeiba" 
As a matter of &ct, the process of sporulation towards the 
beginning of the attack is coincident with the liberation of a 
large number of blocks of pigment, and, on the other hand, with 
the death of a great many adult forms, which are enclosed in 
brassy red blood-corpuscles, and do not reach the stage of re- 
production. At this point the phagocytosis begins in full activity 
(leucoqrtes pigmented or containing either red blood-corpuscles 
. or Plasmodia) ; as the paroxysm proceeds it continues, and attains 
its maximum during the pre-critical elevation,— that is to say, 
when the adult forms, whether free or contained in brassy red 
blood-corpuscles, the sporulation, and all the other bodies entirely 
disappear from the blood. 
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We have mentioned at the beginning of this chapter that the 
phagocyte function is also performed by the endothelial cells; 
this is known not only from examining organs like the liver or 
brain in cases of fattkl malignancy, bat also because, in severe 
infections, the blood of the finger is found to contain endothelial 
cells enclosing pigment, parasites, and plasmodia-laden red 
blood-corpuscles, as Marchiafava and Colli have already noted.^ 

We have now to inquire what is the importance of this process 
with reference to the resistance offered by the organism to the 
infection. It is clear that the possession of exact conceptions, 
with regard to the way in which spontaneous recovery is effected, 
would be a very important factor towards the solution of this 
question. But as yet we have nothing of the kind. It is 
impossible to affirm that the phagocytosis is more active when 
recovery from the fever is spontaneous, because on this point the 
observations made are contradictory, as we have before remarked. 
In the second place, it is not certain that the phagocytes destroy 
the enclosed spores, and these probably represent the only forms 
capable of development that are included by the white blood- 
corpuscles. If the enclosed spores are all destroyed, how is the 
relapse to be accounted for, which is almost always consequent 
on the summer fevers ? On the other hand, we have no means 
at present of objectively determining what becomes of these 
included spores. 

For the production of spontaneous cure we must not forget 
the importance which may attach to the death of the malarial 
parasites, and especially of the adult forms which have become 
free in the plasma. Various observers (Celli, Antolisei, &c.) 
have described certain processes of degeneration which are 
carried out in the large pigmented forms, as well in the 
quartan and tertian as in the summer fevers. In the latter, 
degenerative changes of this sort are seen not only in the bodies 
belonging to the group of crescent- shaped forms, but also in 
the forms with pigment at the centre, which in their normal 
state divide into spores : we have traced in these forms, as in 
the large pigmented forms of tertian fever, a process whereby 
they become vacuolated and disintegrated into hyaline spherules, 
which undergo rapid changes. It is only the bodies which have 
divided into spores and have become free in the plasma that 

^ It is well established that the phagocyte property of the endothelial 
cells is manifested in other infectious diseases, and Metsohnikoff considers 
it of great importance in relation to the question of phlogosis (Metsohnikoff, 
* Le9on8 snr la Fathologie compar^e de I'lnflammation,' 1892, pme le^on). 
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show no tlteoAkms Tisible by the microscope^ while we have 
reasons for maintaining that all the forms in other phases of 
life^ when once the protecting envelope of the red blood- 
corpuscle has disappeared^ die more or less qnickly^ owing to a 
certain deleterions influence which the constituent parts of the 
plasma exert on them. This hypothesis is also sustained by 
Faggioli's recent experiments.^ 

The importance of these &cts in spontaneous recovery cannot 
be denied ; but here^ too^ the objective solution of the question is 
not as yet possible. 

It remains to consider the importance of phagocytosis in cases of 
cure effected by quinine. We have often observed a remarkable 
development in the phagocyte phenomena after the administra- 
tion of the salts of quinine ; bot, in our opinion^ this is not due 
to an increase in the phagocyte energy brought about by the 
dmg^ but to the greater quantity of necrotic forms^ and of free 
pigment^ which is diffused in the blood in consequence of the 
direct action of the remedy on the parasites ; the phagocytes 
remove the dead forms which render the blood impure. All 
that objective observation allows us to say with certainty is^ 
that the salts of quinine do not hinder the phagocyte activity of 
the white blood-corpuscles^ nor is their mobility modified^ so far 
as can be judged from microscopic examination. For the restj 
Disselhorst' and others have proved by experiments on the frog 
that the motility of the leucocytes in the vascular system of the 
living animal remains unimpaired by the action of quinine. The 
phagocyte function continues to be performed owing to the fact 
that the leucocytes are unchanged both in power of motion and 
in other biological properties ; but all the researches which we 
have described unite in confirming the truth, that the cure of 
malarial fevers by the salts of quinine is effected by the action 
of the drug on the nutritive processes of the amoebad. 

If the facts actually are as we have set them forth, — if, that id 

1 Dr. F. Faggioli (' Arch. Italiens de Biologie,' vol. xvi, Nos. s, 3, 1 891) in 
his Laboratory of Experimental Pharmacology at Qenoa has studied the 
poisonous action of the blood on the protozoa, and has an*ived at the 
following conclosions: — The blood in the whole animal series is endowed 
with a property which is deleterious to inferior nnicellalar organisms; this 
property is due to the presence of salts, especially of chloride of sodium, and 
may be looked upon as a means of protection of the species ; the representa- 
tives of any given species show no absolute constancy with regard to this 
poisonous quality; variations may be observed, which pass gradually even 
into negative values. 

' * Virchow's Arch.,' vol. cxiii, p. 108, 1888. 
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to sajj phagocytosis is only carried oat on forms contained in 
red blood-corpuscles which are profoundly modified, or else on 
the free forms which probably die through a poisonous property 
in the plasma, if this be not strong enough to destroy the spores 
—we cannot but conclude that the most important result of 
the phagocyte process is the cleansing of the vascular system by 
the removal of the dead forms, and of the refuse entering it daring 
the acute stage of the infection. This phenomenon is, without 
doubt, nothing else than a part of the functions of resistance to 
the disease, whereby recovery is worked out. If this theory be 
true, the white blood-corpuscles are pre-eminently carriers and 
eonaumers of debris. 

According to Golgi, phagocytosis has a very important bearing 
on the course of the infection in the quartan and tertian fevers ; 
indeed, he says it seems certain that the white blood-corpuscles, in 
correspondence with each paroxysm, destroy not only the pro- 
ducts of parasitic disintegration, but even certain numbers of the 
amoebsd themselves. If this were not so, and if all the parasites 
were to invariably complete their cycle, then, in the opinion of 
the author above mentioned, '' every malarial intermittent fever 
would necessarily and by fixed rule become aggravated, so as 
finally to pass into malignancy.'' But this is not the case, as 
everyone knows. We, however, guided by our observations, 
cannot attach such importance as this to phagocytosis ; thus we 
are unable to admit that the aggravation of every fever, in- 
cluding the advent of malignant symptoms in our spring infections, 
is prevented solely by the action of phagocytes. 

Since the time when the parasites of the tertian and quartan 
were first known, there is no instance on record of a malignant 
infection caused by them ; and no autopsy has ever been made in 
connection with a malignant spring tertian or quartan. 

Hence we are led to seek the cause of this constant feature, not 
in the functions of resistance and of individual reaction, which 
confessedly show the greatest variability, but in the biological 
properties of this group of parasites. The malignant infections 
(as we have shown in detail) are dvs to another special class of 
parasites ; and malignancy^ in spite of the evolution of the phago- 
cyte functions, developing a>s it does in a much more active way 
than in the spring fevers, is chiefly prodv^ced by the particularly 
virulent and poisonous attributes of this parasitic group. 
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Page 41. So as not to enter into a question which at present 
woold be difficult to solve, we have intentionally abstained from 
treating of the nomenclature of the parasites of malaria in the text. 
It may not be superflnouSi however, to explain why we still 
continue to use the term '^ plasmodium*' in treating of the 
younger forms of parasites, although its adoption has aroused so 
much criticism that we are compelled to admit is in great part 
justified. Marchiafava and Celli in their first publication pro- 
posed the term " plasmodium/' wishing thus to designate the 
parasite in its early period as being composed simply of an 
amoeboid mass of protoplasm. Several zoologists and botanists 
have adopted the term in this sense, as will be seen by referring 
to the publications quoted by Celli and Guarnieri in their article 
** On the Etiology of the Malarial Infection,'^ ' Transactions of 
the Boyal Academy of Medicine in Home, 1888—89,' p. 399,^ 
as also to the dissertation on Protochytrium spirogyrse by Borzi. 
Later on it was justly observed that this term " plasmodium/' 
in its restricted sense as used by zoologists, signified those bodies 
formed by the aggregation or fusion of many amoebsd, each 
retaining its own nucleus. Thus, in scientific language, a 
'' Plasmodium '^ is a polynuclear mass of protoplasm. For this 
reason various names have been proposed by different observers, 
of which, however, none has been universally accepted. Grassi 
proposed the term ^'amceba,'' which both Golgi and ourselves 
subsequently adopted. Later on, however, he abandoned it, as 
he thought it best, from the standpoint of our present knowledge, 
to differentiate between the term " amoeba '^ of the zoologists 
and the parasite of malaria. Mannaberg, holding that it is 

' "SuUa etiologia deUe infezione malarise/* 'Atti della B. Accademia 
Medica di Boma, 1888-89/ p. 399. 
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B Puge 53, Dating the sninmer and antniim of 1891 we obserred 

vmaj oases of this form of tettian, sereral bjSiawing a eomfdetelj 
regnlar coarse. Ilie greater nnmber of tlie eaees ot peniieioaa 
Ferer that came imder obserratioii during that malaiia] period also 
appeared to belong to the same clinical type. 

On the contrary, cases of quotidian and of pemicioas quo- 
tidian were lesR freqnenL Howerer, the prop<»tion between 
the two f<»ins of sommer-antamn fevers is not always the same 
in all Ma aon s . MarchiafsTa and CelH have already allnded 
to this fact in former oommnnications. During the present year 
(1^3)1 ntoreorer. Dr. Bastianelli, who has obserred many 
cases of malarial ferer with us at the Santo Spirito Ho^ital, lu» 
foond more cases of quotidian than tertian fever, whilst the 
condition was exactly the reverve during the preceding se&son 
(1S92). We have merely wished to call attention to this fact 
in order that the importance we attach to the tertian type may 
not appear exaggerated. It is necessary to remember that not 
only do the different clinical forms vary in freqnency in rarions 
malarial districts, bat also during saccesdre seasons in the same 
one. We hold that this fact can be easOy explained by admitting 
tliat the different types of parasite correspond to the varied 
fondamental clinical forms. For those who wish to test our 
observations by personal research, it is necessary to note these 
bets, and to remember that in order to present a more or less 
complete description of these fevers several years <d observation 
are requisite. It is more difficult to offer a reason for other varia- 
tions in observations made by us during snecessive years. 

Thos, for example, during the period 1888 and 1S89, Maichia- 
fava and Celli had opportunities for studying many cases of 
malarial infection with scarcely any melansmia. In one case ot 
comatose petnicions fever the capillaries of the brain were 
found I7 them to contain namerous unpigmented plasmodia, the 
greater nnmber ot which were in the stage of segmentation or 
had already split up. We were never again able to find this 
condition till 1893. 

In a case stud^ towards the end ot October in this year we 
were able to observe at the post-niOTtem examination sevnal 
instances' of preoocions segmentation without pigment in the 
capillaries ot the brain. These were found in a boy coming &om 
the Campagna, who died in the Santo Sinrito Hospital after 
about three days' illness in spite ot repeated hypodermie injections 
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of full doses of qniDiDe. In this case an enonnons number of 
parasites had invaded the ynscnlar system of all the organa, and 
the yoDDg forma without pigment were chiefly met with. 

We have preserved in the Pat hoi ogico -anatomical Institate 
specimens of malarial brains, in which the capillaries are filled 
with parasites without any trace of melanosis. 

[4] 

Page 56, In several cases of pernicious fever observed during 
the present year (1893) conjointly by Dr. Bastianelli and ourselves 
in the Santo Spirito Hospital, forms of segmentation with a 
great number of spores up to twenty, thirty, or even more, 
were noticeable. Indeed, in one case the capillaries of the brain 
presented various types of sporulation with many spores, whilst the 
spleen and the bone marrow demonstrated, in prevailing numbers, 
forma of endoglobalar division with ten to twelve spores, 

[5] 

Page 57. In this description of the amceba of the summer 
tertian, as well as in the preceding ones, regarding the other 
varieties of malarial parasites we have always treated of the 

endoglobular development of the parasites, without discussing 
whether or not they are really endoglobular, or simply attached 
to the red blood -corpuscles. As is well known, Laveran thought 
the parasites were either free in the plasma or simply attached to 
the red corpuscles. Marchiafava and Celli, in calling special 
attention to the younger forms (unpigmented amcebee), maintained 
that they were found within the blood-corpuacle. To sustain 
their view they affirmed that the paeudopodia of the amceba 
never extended beyond the limits of the red corpuscle, which 
must have occurred were the parasite merely attached to it. 
Furthermore they noted that in slowly moving the fine adjustment 
they were never able to observe the parasite either above or under 
the corpuscle, but that it always appeared within its substance. 
Later observers, in studying the parasites of malaria, have never 
doubted their endoglobular position. It is only recently that 
Mannaberg has again brought up this question. He believes he 
is able to demonstrate that the adult forms, the spherical variety 
belonging to the semilunar, and the larger forms of the tertian 
type, are endoglobular. In fact, the best proof of this is obtained 
by watching under the microscope that on the exit of the parasite 
from the corpuscle the latter becomes decolourised and splits up. 
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However^ lie does not look upon the younger forms (unpigmented 
amoebad) as endoglobular. According to him, even if their pseudo- 
podia do not extend beyond the border of the blood-corpuscles, 
this may be due to the viscidity of the parasite, and not to its 
being endoglobular. Again, he observes that the transparency 
of the blood-corpuscle will not permit us to establish with exact- 
ness whether so hyaline a body as a young parasite be above, 
within, or under the corpuscle itself. In examining the blood 
Mannaberg recommends oblique light, keeping the diaphragm of 
the microscope entirely open. In this manner the high lights 
and shadows appear more marked, and the observer can often 
convince himself that the young parasites are situated in a sort 
of niche or concavity on the surface of the blood-corpuscle. 
However, this question, after all, is of but little importance. 
Admitting the endoglobular position of the adult forms, it merely 
remains to be settled at what period of the development of the 
younger forms they enter into the substance of the blood-corpuscle. 
We still maintain that the greater number of the young forms are 
endoglobular. In some cases we have been able to observe the 
unpigmented amoeba change its position in toto — a complete move- 
ment of transposition — within the corpuscle, whilst in others we 
have seen the parasite immerse itself, as it were, in its substance, 
and then again coming into view, appear close to the surface of 
the corpuscle — a series of movements impossible were the parasite 
not within the substance of the corpuscle. Again, we have been 
able to study the red blood-corpuscle containing the young 
Plasmodia, as seen in their vertical aspect. During their change 
of position we have almost convinced ourselves that the parasite 
appeared surrounded on all sides by a stratum of globular 
substance. 

Besides these undoubtedly endoglobular forms, there are those 
in indentations upon the surface of the blood-corpuscle alluded 
to by Mannaberg. Marchiafava and Colli, who at the beginning 
of their first studies described and illustrated them exactly as 
described by Mannaberg, based upon them their view that the 
hyaline bodies were extraneous elements having penetrated into 
the corpuscle, and not products of degeneration of the corpuscle 
itself. Up to within recent years this fundamental question was 
still doubted by many. Only Marchiafava and Colli interpret 
this appearance as the form in process of escaping from the red 
blood-corpuscle. These particulars, which in themselves are of 
but little importance, may indicate to us how the youngest Plas- 
modia penetrate into the corpuscle. This process may be conceived 
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as follows. The yoangest amoebad^ the offspring of sporolation, 
by virtue of the viscidity of their protoplasm adhere to the surface 
of^ and by their movements bury themselves in^ the contour of 
the red corpuscle. In this position the parasite attacks the 
external strata of the corpuscle as a means of nourishment^ and 
after altering these layers is able to penetrate within, and thus 
becomes entirely endoglobular. 

[6] 

Page 58. Besides those alterations already alluded to (shrinking, 
decoloration), the red corpuscles containing the adult parasitic 
forms may be subject to another change, i. e. fragmentation. 
Under the microscope it is at times possible to observe the red 
corpuscle divide by constriction into two parts, one containing 
the parasite, the other being tenantless. Thus the miorocytes or 
schistocytes, according to the nomenclature of Ehrlich, are formed. 

This fact^ however, is of little importance in malaria, as mioro- 
cytes are but seldom found, and if found at all they occur only in 
small number, in the blood of malarial subjects. We have also 
observed a red corpuscle containing two parasites divide in such 
a way that each part presented a parasite surrounded, as it were^ 
by a zone of hadmoglobin. 

[7*'] 

Page 95 [line 7, after " parasites "'] . The facts alluded to in the 
above-mentioned paragraph, treating of the relation between the 
course of the fever and the development of the parasites in the 
bloody must be accepted with certain limitations. In the fevers 
pursuing a regular course^ such as in most of the mild fevers, and 
often in cases of considerable gravity as well^ it may be accepted 
as a general rule that '^ the paroxysm corresponds to the develop- 
ment of a generation of parasites/' and that '^ the phase or period 
of multiplication of the parasites determines the initial stage of the 
access." In the dangerous fevers^ and above all in those of per- 
nicious type, a series of disturbing elements intervene, whose in- 
fluence often renders the intimate relation between the course of the 
temperature and the period of life of the parasites unrecognisable. 
This view has been already alluded to in discussing the facts 
treated of in the text, as also in several of the clinical cases cited 
as examples. Thus there are cases of pernicious infection without 

1 An apology is due for the numbers marked by an asterisk not having 
appeared in the text, as they were brought to notice too late for inser- 
tion. — Ed. 



NOTES. 191 

'^nt any characteristic type, in 
.lood reveals the presence of 
All practitioners are familiar 
lorms of pemicioas malaria. On 
s in which the temperature remains 
iiccessive elimination, even total dis- 
us in the blood. Thas in Case 27, an 
viicious fever of the tertian type, in which 
.lied high for several days, and in which 
:'ud by a marked increase of fever, the para- 
i)C'giuning of the disease were most numerous, 
i.^hed in number and disappeared in the blood 
I' finger, whilst but few were found at the autopsy 
. ui the organs. Neither is it possible to find any 
■^veen the course of the temperature and the life of 
it OS. We could cite many similar cases, and these facts 
:>rove that there can be a great increase in number of 
::.cs without an access of fever; and, on the other hand, that 
. . lat rise of temperature may be independent of the state of the 
. iiiisites. These facts furthermore attest to the great com- 
I'lexity of the phenomena. Being entirely ignorant of the pre- 
cise methods by which the multiplication of the parasites produce 
the fever, we naturally cannot enter into the discussion analy- 
tically why in some cases this effect is wanting. We can only 
surmise that in cases of the grave type disturbing elements come 
into operation, which change the regular succession of phenomena. 
In those instances, great elevation of temperature, noticeable in 
certain cases of cerebral pernicious fever, to all appearance, inde- 
pendent of the biological state of the parasite, one may suppose 
that they can be due to, or are in relation with, the secondary 
functional or organic changes produced by the parasites in the 
nervous centres. According to this view, these fevers would 
bear a certain resemblance to those occurring in cerebral hsamor- 
rhag^, in cases of traumatism of the brain, &c. 

[8*] 

Page loi [line 16, after ''regular'^]. Our statement that 
cases of pernicious fever do not exist in which the diagnosis 
cannot be established by the microscopic examination of the blood 
has been contradicted by some observers, and probably will lie 
by others yet to come. This must naturally be the consequence, 
as long as the result of observation of one or only a few C9 
entitles any observer to formulate a law on a general I 
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We maintain our point, based as it is on numerous observations 
extending over several years of study. Two facts, however, 
must not be overlooked ; the first, that in some cases of pernicious 
fever the parasites may disappear from the blood after full doses 
of quinine, and notwithstanding this the disease may tend to 
become aggravated, and may even have a fatal issue. We have 
treated of this fact in a preceding chapter. In the second 
place, it must be remembered that some of the grave morbid 
symptoms may develop in individuals in whom the malarial 
infection has recently spent itself. At the end of this chapter 
we have called attention to these types, and have termed them 
'^ post-malariaV an expression which, while it indicates the 
course of facts, does not include a fixed conception of their patho- 
genesis. 

[9*] 

Page 103 Qine 21, after "autopsy **]. We shall briefly treat of 
those rare cases of severe general infection, at times even fatal, 
in which there are but few parasites, in the second Appendix. 

[10*] 

Page 112 [line 10 from below, after "predominant*']. The 
observations made referring to the distribution of the parasites in 
the vascular areas of the organs of those who have died of per- 
nicious fever, allude almost exclusively to that group of perni- 
cious fevers with cerebral symptoms (coma, delirium, convulsions, 
&c.), a group which could be called " pernicious cerebral fever.*' 
These cases, as we have already remarked, are the predominating 
ones occurring among us, and form the greater number of the 
cases studied by Bignami in his publication. Bignami has 
already observed that in the forms of pernicious fever the accu- 
mulation of parasites may, by preference, take place in other organs 
than in the brain, e. g, in the intestines in choleraic pernicious 
fever. From this point of view one may distinguish various 
groups of cases in pernicious fever. 

I St. Gases in which the entire organism is invaded by the 
parasites to such an extent that a comparative examination of the 
brain, of the spleen, and of the bone-marrow will render it 
impossible to establish in which organ the accumulation is 
greatest. 

2nd. Gases in which the greatest number of parasites are 
found in the capillaries of the brain, the adult forms or those 
in the process of sporulation predominating. 
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3rd. Gases in whioh tHe greatest acoamnlations are observed 
in tlie spleen^ in the bone-marrow^ and occasionally in the capil- 
laries of the intestines. 

To the second group belong the greater number of cases of 
cerebral pernicious fever, which we have stated to be so common 
with us. This will explain why almost all of our descriptions, 
and the conclusions we have arrived at while treating of the 
distribution of parasites, and of the changes in various organs, in 
cases of anatomico-pathological examination of cases of perni- 
cious fever, almost exclusively refer to this group. We further 
wish to add that it is possible to find the parasites accumulated 
exclusively in the brain ; thus in a case of comatose pernicious 
fever studied during this year (1893) in the Santo Spirito Hospital 
by Dr. Bastianelli, and by us, post-mortem examination revealed 
the capillaries of the brain filled with parasites in various stages 
of development, whilst no trace of them could be found in either the 
spleen or the bone marrow. However, in another case of algid per- 
nicious fever the spleen and the bone marrow were full of parasites, 
whilst but few were found in the brain. To the third group 
belongs the following case studied by Marchiaf ava in the summer 
of this year (1893), ^^^ ^ which the parasites were found almost 
exclusively in the intestine ; the case was one of algid pernicious 
fever with hsamorrhagic diarrhoea, and the post-mortem exami- 
nation revealed an acute enteritis, with superficial sloughing 
of the mucous membrane as the main feature. The accumulation 
of parasites was almost exclusively limited to the superficial 
capillaries of the mucous membrane corresponding to the necrotic 
portion. This observation tends to strengthen our view, already 
expressed at other times, that in some way local causes enter 
into action, and modify the general laws relating to the distribu- 
tion of parasites in the vascular areas of the organism. 

["] 

Page 158. The cases which we allude to at the end of para- 
graph (a) demonstrate that the thermal resistance, and also the 
resistance of the parasites to the action of quinine, vary within 
rather large limits. We have mentioned cases in which, not- 
withstanding the most proper administration of this remedy,, 
the fever has persisted for two, three, or even more days. 
In some cases it seems that the resistance to the influence of 
quinine is greater in recent infections, and gradually diminishes 
in the later progressive paroxysms. In fever patients coming 
from the country, presenting themselves at the hospital on the^ 

18 
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third or fourth day of the fever, and who either have not been 
treated or the treatment has been carried oat in a most im* 
perfect manner, we seldom see more than one attack after the 
ad mini strati on of several grammes of quinine. However, in some 
cases it appears that the action of the remedy is not as prompt if 
administered earlier. Suhcontinued fevers, as we have already men- 
tioned, present the same variations in the resistance to qninine ; this 
is probably moat marked in the so-called subcontinned "d'emblee." 
In one case of this type, notwithstanding the administration of 
quinine at the very onset, and its being continued regularly, the 
fever kept its course, uninfluenced by the remedy, for about five 
days. We do not know of any cases in which the resistance to 
the inSuence of quinine was greater. 

["] 

Page i68. The facts alluded to in the text, relating to the action 
of quinine on the parasites of summer-autumn fevers, refer merely 
to what is observed in studying fresh preparations without fixing 
or staining. We must add, however, that staining brings out 
the more minute alterations produced by quinine. Besides 
the observations already cited of Romanowski, there are those 
of Mannaberg, which treat specially of the parasites of the 
quartan and of the comnjon tertian type. In examining 
the blood of a quartan or of a tertian, a few hours after the 
administration of the first dose of quinine, the greater number 
of the small and medium-sized parasites will be observed to have 
their nucleoli no longer stained, whilst the small vesicle which 
represents the nucleus continues to be stained as before. 
According to Mannaberg, this disappearance of the nucleolus 
demonstrates the necrosis of the minute parasite. Furthermore, 
he observes that many sporulating forms undergo special altera- 
tions, after the administration of quinine a few hours previous to 
the attack ; whilst to all appearances the fresh specimens seem 
normal, when stained with hBematoxylin, the nucleoli of the greater 
part of the spores remain uncolonred. Mannaberg considers 
these thus altered forms as stillborn spores. These observations 
lead him to conclude that the spores of all the various forms of 
parasites of malaria are the most susceptible to the action of 
quinine. He also holds that these facts contradict the hypo- 
thesis of Bignami, i. e. that the relapses are due to the develop- 
ment of spores which have remained latent in the spleen, 
and have escaped the destructive action of quinine, of the pha- 
gocytes, Ac. 
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We have been very reserved in onr judgment regarding the 
action of quinine on the spores of the sammer-antumn parasites. 
In the face of Mannaberg's objections to the possibility of the 
latent vitality of the spores^ we can adduce the fact that in indi- 
Triduals who have succumbed to pernicious fever, and to whom 
quinine had been administered in the largest doses, we have often 
been able to find in different organs very numerous forms of sporu- 
lation. These specimens stained most perfectly with hsdmatoxylin 
and the aniline dyes, and presented no recognisable changes what- 
ever ; so evident was this that we had no cause to consider them 
as necrotic forms. Furthermore, we wish to note that in cases 
of pernicious fever the spores, normal in structure, and when 
stained by hsamatoxylin to all appearances perfectly preserved, 
are often seen enclosed in white blood-corpuscles. Dr. Bastianelli 
and ourselves have often been able to make this observation. It 
does not seem to us as likely, therefore, that the spores of the para- 
site of summer-autumn fevers are the forms most susceptible to the 
influence of quinine, nor do we believe that Bignami's hypothesis 
regarding the latent vitality of the spores should be so easily 
abandoned. 

[13] 

Page 177. As we have stated in the text that the number of 
leucocytes diminishes absolutely and relatively during an attack of 
malarial infection, we must add that this diminution, which may 
be very marked, involves the polynuclear, neutrophil leucocytes. 
As Dr. Bastianelli has observed, the proportion in number between 
the various kinds of leucocytes is noticeably altered, while there is 
a diminution of the polynuclear neutrophil white blood-corpuscles, 
there exists instead a relative increase of large mononuclear letico- 
cytes and of the so-called transitional forms (according to the 
nomenclature of Ehrlich and Einhom). This is especially notice- 
able in cases of advanced malarial infection and in cases of the 
pernicious type, and is less evident in the initial period and during 
the first paroxysms. 

At times the number of lymphogenic leucocytes is diminished, 
at others not. At this point it is interesting to remember that 
the large mononuclear leucocytes pre-eminently fulfil the function 
of phagocytes ; in regard to this all observers are in accord. 

As we have observed that to replace the loss of leucocytes 
many elements are found in a karyokinetic state in the spleen and 
in the bone marrow, we further wish to add that the increase of 
leucocytes also takes place in the circulating blood, in which also. 
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as botH Bastianelli and the antHora have observed, lencocytes in a 
karyokinetic state may be fonnd. 

One may also find in the blood of malarial sabjects, especially 
in the pemicioas type, stmctnres which bear all the characteristics 
of splenic and osseo-mednllary cells. Thns leucocytes somewhat 
smaller than the ordinary large mononaclear cells, whose proto- 
plasm and nuclei are more deeply stained by hsdmatoxylin, may 
be observed. Leucocytes bearing these characteristics are very 
frequently found in some cases of spleno-meduUary lenchsamia, 
and have recently been considered as young immature forms of 
mononucleated leucocytes (Bastianelli). 

In two cases of pemicioas fever we also found a few mono- 
nucleated eosinophil elements identical with those found in the 
bone marrow. According to some observers, these cells are only 
found in cases of spleno-medullary leucocythsdmia. However, it 
appears that they occur in other diseases of the bone marrow, 
e. g, Bastianelli observed them in the blood of an ansdmic patient 
in a case with fatal termination of multiple lympho-sarcoma of the 
osseous medulla. 

The presence of a true leucocytosis — ^that is, a marked increase 
of the polynuclear leucocytes in malarial blood — may justify one 
in suspecting complications of an inflammatory process. We 
must, however, add that other pathological conditions may also 
determine a similar increase in malarial patients, in the same 
manner as they do in other diseases. Thus we have observed 
marked leucocytosis in malarial subjects who suffered from pro- 
fuse diarrhoea or were collapsed, and the same condition may 
exist during the failure of vital power immediately preceding 
death, &c. In consequence of the most recent observations, we 
have grounds for believing that leucocytosis may also be met 
with in malarial baamoglobinuria. 
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ON THE CLASSIFICATION OP THE MALARIAL 

FEVERS. 



The classification adopted by us has, if we mistake not, this 
advantage over the others which have been suggested : it rests 
on carefully ascertained matters of fact, while the standpoint 
employed as its criterion is a practical one. 

Golgi admits the existence of the following fundamental types 
of fever : 

(i) Intermittent fevers depending on parasites whose cycle of 
evolution is completed in two days. This group corresponds to 
the clinical types of the tertian, and of certain Quotidians which 
are due to the daily alternate maturation of two generations of 
tertian parasites. 

(2) Intermittent fevers depending on parasites whose cycle of 
evolution is completed in three days. This class includes the 
clinical types of the quartan, the double quartan, and the triple 
quartan. 

(3) Intermittent fevers depending on the presence in the 
blood of those forms which are as yet not well understood, and 
which are generally called " crescent-shaped,^' the period of their 
development being variable. Under this division may be included 
mauy intermittent fevers of irregular type ; the intermittent 
infections with long intervals, as well as many others with short 
ones, belong to this division; also some quotidians, and certain 
subcontinued fevers and subintrant quotidians.^ 

This last class corresponds to what we have named the 
summer-autumn group ; and inasmuch as these infections, both in 
their clinical types and in their parasitic characteristics, differ in 
the clearest manner from the other two groups, we have placed 

* C. Gk>lgi, " On the Intermittent Malarial Fevers with Long Intervals : 
Fundamental Criteria for grouping the Malarial Fevers," 'Arohivio delle 
Scienze Mediche/ 1890. 
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them in contrast to the latter ; for^ in oar opinion^ it is of great 
practical utility to draw a sharp line of division between the 
group of mild fevers^ and the group composed of those fevers 
which may become malignant. 

It is surprising to find that Oolgi^ in his theory of this latter 
class of infections^ ranks the fevers with long intervals in the 
same category with those which have very short ones^ such as 
the quotidians. Later on we shall give our reasons for being 
unable to believe that a group of the so-called long-interval 
fevers ought to be formed by itself. Only we cannot help here 
noticing how Golgi's indefiniteness of conception disappears before 
the clinical and parasitological study of these fevers^ as carried 
out by us. Furthermore^ all the facts and arguments set forth 
in this work go to show the impossibility of our accepting the 
view maintained by Golgi with regard to the parasitic variety 
which produces these infections. 

The classification proposed by Orassi and Feletti^ is drawn up 
from the zoological point of view. They distinguish two genera 
of malarial parasites : 
I. The HsBmamoeba. 

II. The Laverania. 

In the genus HsBmamoeba they include the following species : 

(i) The Hsemamoela malarim (found in man^ and producing 
the quartan fevers) . 

(2) The Hsemamoeba vivax (found in man, and producing the 
tertian) . 

(3) The Hsemamoeba prsecox (found in man, and producing the 
malignant infections). 

(4) The Hsemamoeba immaculata (found in man, and also pro- 
ducing the malignant fevers) . 

In addition to these pathogenic species observed in the human 
subject, the above-named authors mention the following, found 
in birds : 

(5) The Hsemamoeba relicta, 

(6) The Hsemamoeba subprsecox, 

(7) The Hsemamoeba immaculata. 

Under the genus Laverania they group three species : 

(i) The Laverania malarise (found in man, and producing the 

quotidian fevers, the subcontinued infections, and the "long 

interval '' fevers). 

(2) The Laverania Danilewsky (in birds). 

(3) The Laverania ranarum (in frogs). 

^ * Contributions to the Study of the Malarial Parasites.' 
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Witbont entering at length into the merits of this classification, 
-we may observe that the fundamental gronping of the malarial 
parasites into two genera (the HsBmamceba and the Laverania) is 
based on the interpretation which assumes that the orescent- 
shaped forms (Laverania) represent a separate species of parasite 
entirely different from the species which give rise to the dangerous 
fevers (the Hssmamceha prsBcox of Orassi and Feletti). But this 
theory is not accepted by any of the other observers who have 
devoted themselves to these questions ; on the contrary, they all 
maintain, as we do, that the crescent-shaped forms are in reality 
a certain phase in the life of the parasites of the summer-autumn 
infections. Whatever be the final solution of this matter, it is 
sufficient to remark here that Grassi and Feletti's classification is 
constructed on one of the most contested of all the facts connected 
with the biology of the malarial parasites. Moreover, as far as our 
knowledge at present goes, we cannot allow that a distinction 
should be drawn between the Hsemamoeiba prxeox and the 
Hwmamoaha immaculata as two separate species. The latter is 
said to be characterised by premature sporulation, which takes 
place before the pigmentation of the parasite. 

This occurrence has been observed by Marchiafava and Celli, 
but only in very rare cases ; and where these forms of fission did 
occur, sporulating forms tvith pigment were also present ; so that 
in these instances we should have to admit a double infection 
produced both by the Hsemamoeha prmcox and the HsBmamcsha 
immaculata — a hypothesis which at present is destitute of all 
foundation. We shall feel unable to change onr opinion until 
we meet with cases of malarial infection which may show no 
trace of melansemia, and which would consequently mean a pure 
culture of this presumed species of parasite, the Hssmam^caba 
immaculata. There are, however, instances of malignant malarial 
fever where the melanosis of the organs, consequent on the 
melanadmia, is so slight that it may escape detection without a 
microscopic examination of the organs in which it is usually most 
intense. 

Mannaberg^ does not accept Grassi and Feletti^s classification, 
especially refusing to admit the division into the two genera of 
Hsdmamceba and Laverania. He agrees with the Roman school 
in maintaining that it is one and the earns amoeboid parasite which 
either arrives at sporulation in the welUknovm way, or else changes 
into the crescent-shaped body. His theory as to the structure and 
biological signification of the semilunar forms is that they are 

^ ' Die Malaria Parasiten/ Wien, 1893. 
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ireality these fevers are foand in all seasons of tHe year^ and in 
tihe districts of mild malaria they even prevail during the snmmer 
sknd aatnmn. It is^ however^ necessary to bear in mind what we 
Xiave already pointed out — the &ct that it is solely at the close of 
-the winter and daring the spring that these infections predomi- 
iiate^ to the exclusion of the other types of fever ; while in the cases 
met with in the snmmer and antnmn they occupy a subordinate 
position with regard to the endemic fevers peculiar to these 
seasons. Nor should it be forgotten that the nomenclature here 
adopted is '' a potiori.^^ In order to understand the exactness 
and the practical usefulness of this classification^ one must take the 
point of view of an observer who, in those countries where malaria 
is intense, watches the clinical phenomena of the infection, as 
they develop and as they succeed each other. And because all 
the clinical forms of the disease cannot be seen except in dis- 
tricts of this sort, it is only logical to start from researches which 
have been carried out on such a field. 

To group these fevers solely from the standpoint of the para- 
sitological criteria — that is, to employ a purely zoological method 
— is, in our opinion, premature at present. We have already 
remarked that several points connected with the biology of the 
malarial parasites are still sub judice, and some of these are such 
as would necessarily be of great moment in a zoological classifi- 
cation. The most important of these contested questions con- 
cerns the biology of the so-called crescent- shaped forms. In 
the present treatise we have assumed our attitude towards this 
subject, without any minute discussion of the facts on which we 
rest our view, and without examining opposite opinions; the 
essentially clinical nature of oar work prevented us from doing 
so. But we willingly recognise that researches are still needed 
to test the facts upon which Grassi and Feletti and also Manna- 
berg have built their theories, and it is with such investigations 
that we are now engaged. 

In our classification the so-called long-interval fevers as well 
as the so-called irregular infections have no place. The reasons 
which have led us not to form a group of the fevers with long 
intervals have been stated by Bignami in a short monograph,^ the 
conclusions of which we will here briefly give. In studying the 
cases which have been classed together under this name it is 
necessary to distinguish the regular from the irregular ^' long- 
interval '' fevers. The regular infections with long intervals were 

^ " Salle Febbri Intermittenti Malariche cosi dette a Longhi Intervalli," 
' Biforxna Medica,' 1891, No. 165. 
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meant by the old writers (from Hippocrates and GkJen down to 
our own Borsieri) when they spoke of fevers recurring every six, 
seven, eight, Ac., days. With regard to these, considering what 
we now know, there is really nothing to say, because, since the 
discovery of the malarial parasites, no one has had the opportunity 
of observing a siugle case. As to the irregular infections with 
long intervals, all the physicians who practise in malarial districts 
agree in admitting their existence, and in regarding the im^pilar 
return of the paroxysms as a series of recurrences. Somewhat 
similar to this type of fever are certain cases which we have 
studied, as well as one investigated by Golgi,^ in which latter 
there were groups of paroxysms separated by intervals of apyrexia 
from five to ten days in length. As a general rule we find two, 
three, or four paroxysms coming together in groups which succeed 
each other at various intervals in different cases, varying from 
ten or fifteen days to a month. With respect to the parasites in 
some of these cases we find that the variety which characterises the 
summer-autumn fevers (as in the instance observed by Golgi), — 
that is to say, the small amoeboid parasites are seen during the 
paroxysms, and the crescent-shaped bodies during the apyrexisd ; 
other cases show the parasites of the mild tertian, as in some 
instances which have come under our own notice. Of these two 
series the explanation of the first, produced as it is by the 
summer-autumn parasites, may be debatable, owing to the fact 
that our knowledge of the crescent-shaped bodies is still incom- 
plete ; on the other hand, the second series, which is due to the 
parasites of the mild tertian, can be interpreted without difficulty. 
We certainly cannot suppose that the tertian parasite undergoes 
such changes in its biological properties that it produces forms 
which slowly develop daring the course of the long apyrexia until 
at last they give rise to fresh attacks of fever ; in point of fact, 
such forms do not occur in the blood of the patient. Conse- 
quently a period of apyrexia which lasts for ten, fourteen, or 
sixteen days can bear no resemblance to one which intervenes 
between two tertian or quartan paroxysms, during which a para- 
sitic generation is matured. It is therefore right to regard the 
fresh attack as a recurrence, which occurs after an interval 
manifestly equal to the time required for the parasite's incuba- 
tion ; so that these " loug-interval '^ fevers are presumably the 
product of a series of recurrences, which succeed each other at a 
nearly equal distance of time. According to this theory the 

* "SuUe Febbri Intermittenti Malariche a Longhi Intervalli," *Arch. 
delle Scienze Mediche,' vol. xiv, f. 3. 
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intervals of apyrezia must be considered not as intermissiona in 
the proper sense of the term^ bat as periods in which the malarial 
infection is latent. The recurrence connected with the summer- 
autumn fevers are frequently to be seen in the winter. 

As regards the so-called irregular fevers our view may be 
deduced from all the facts set forth in this work, and may be 
thus summed up. There is no group of fevers which are natu- 
rally and per se irregular, but fevers of every class may become 
irregular, and in different ways : some types are less liable to 
this change, while in others, like the summer-autumn group, it 
takes place very frequently. If we bear in mind the law that 
''a fever with regular periods is caused by the maturation of a 
single parasitic generation *' — a law which is valid for all kinds 
of malarial infection, a conception may be formed even a priori 
of the various ways in which a given type of fever can become 
complex and irregular. But there exists no variety of parasite 
characterised by uncertainty and irregularity in development ; 
hence it follows that the conception of a group of essentially 
irregular fevers has no foundation on fact. 



APPENDIX 11. 



ON THE MALIGNANT INFECTIONS. 



The additional experience we have gained in regard to this 
subject daring the last two malarial seasons, since oar treatise 
was pablished, enables us to confirm oar previous statements in 
all essential points. 

In the first place, we can still farther establish the fact on 
which we have insisted in the text, that the malignant infectione 
are always prodv^ced 5t/ the summer^autumn varieties of the 
malarial parasites. The practical importance of this law has 
induced us to devote careful study to every additional case of 
malignant fever that has come under our notice, and there have 
been several such ; the result has been that each new instance 
has only supplied additional confirmation of the principle we 
have laid down. 

We return here to this subject because the law as enunciated 
by us has been called in question. Thus it has been alleged that 
we deny the possibility of malignant infections making their 
appearance in the winter. It is almost needless to add that we 
have never made this statement. As a matter of fact, malignant 
infections during the winter may be found, although not fre- 
quently, in districts where malaria is intense ; and we have re- 
ported an instance in Case 30. But these cases, rare as they may 
be, are nevertheless determined by the parasitic varieties which 
we have called a potiori the summer-autumn. 

With regard to the factors of malignancy in these malarial 
infections, we have brought into prominence the following facts : 

(a) The vast quantity of parasites in the majority of cases ; 

(b) The frequent presence of two, and sometimes of more 
than two generations or colonies of amoebaa ; 

(c) The high reproductive activity ; and 

{d) The specially poisonous nature of the summer-autumn 
group of parasites. 
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With respect to the first of these points : after ascertaining 
that the quantity of parasites in fatal cases is usually much 
more abundant in the blood of the viscera than in that of the 
finger, we wrote as follows : — " The contradiction frequently met 
with in life between the number of parasitic forms and the 
severity of the disease, and also the degree of anaamia, disappears 
in most eases when at the autopsy an examination of all the organs 
is possible" This assertion contains a reservation which requires 
explanation and justification. There are, in fact, certain cases of 
malignant malarial infection in which, on examining the blood 
during life, one is surprised at the relative scarcity of the 
parasites ; their nnmbers are not proportioned to the gravity of 
the clinical symptoms. And when, in spite of energetic treat- 
ment with quinine, death ensues, even then the microscopic 
examination of the viscera reveals no such accumulation of 
amoebsd in the vascular areas of the brain, the spleen, the bone 
marrow, &c., as is usually met with in the majority of instances. 
Some fevers of this sort have come under our notice during the 
past year; and Dr. G. Bastianelli has observed two similar 
cases at the beginning of the present season. Bat these instances 
are rare in comparison with the others in which the quantity of 
parasites is extremely large ; the latter constitute the rule, the 
former the exception. We have generally noticed them at the 
beginning of the malarial season, in the month of July, never in 
the autumn. The victims for the most part are peasants from 
the country at the time of thrashing the com, when they are 
weakened by toil, by the burning sun, and by their miserable 
food. The nervous symptoms are those which predominate, such 
as coma, convulsions, &c. The anatomical examination shows 
the signs of a malarial infection at work, of recent date ; in fact, 
not only are the parasites relatively few, but the melanosis of 
the viscera is also slight — a circumstance which makes it very 
improbable that the final paroxysms were preceded by any other 
serious ones. 

Cases of this sort easily rouse the astonishment of anyone 
who is observing an endemic of severe malaria for the first 
time. He sees that invasions of parasites in relatively small 
numbers are followed by severe, and sometimes by exceedingly 
grave paroxysms of fever; and as he finds this phenomenon 
difficult to understand, his attention is more arrested by it than 
when he observes severe paroxysms to be consequent on the 
presence of large qnantities of amcebs^— a matter easily enough 
explained. Hence it comes about that the rule is forgotten in 
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*he exception, and on the exception it is attempted to construct 
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mention that^ with regard to the way in which the disease behayes, 
certain remarkable differences exist between persons who are 
subjects of the fever for the first time^ and those who are suffer- 
ing from recurrences. Many writers have called attention to 
tbese differences ; but there is one difference^ less known than 
the others, which is at present being studied by us, and which 
lias to do with the relation between the intensity of the sym- 
ptoms of the fever and the amount of the parasites. It is, 
indeed, known that when in two cases, one of primitive infection 
and the other of the recurring fever, the quantity of the amoebsd 
is apparently equal (we say apparently because in the living 
subject, from a single examination of the blood of the finger, it 
is very difficult to form an exact idea as to the extent of the 
parasitic invasion), then the symptoms in the former are severer 
than in the latter case ; in the former the fever is more intense, 
and sometimes continued, the nervous symptoms are more pro- 
nounced and frequent, and there is a greater fall in the propor- 
tion of the hsemoglobin, and in the number of the red blood- 
corpuscles, than in the latter, where the patient is already 
depressed and anaemic in consequence of the preceding infection. 
This general fact, which probably finds its explanation in certain 
phenomena of adaptation and compensation, may also supply 
materials for the interpretation of the infections of which we 
have here been speaking, and which are characterised by severe 
symptoms combined with a relatively small number of parasites. 

The second point connected with the factors of malignancy, to 
which we drew attention, relates to " the frequent presence of two, 
and sometimes of more than two generations of amoehse.^^ We 
ought, however, to say that there are certain malignant infections 
which show the presence only of a single generation of parasites, 
both during life when the blood is examined, when the cases 
terminate fatally, and at the autopsy. As we have only made a 
passing allusion to this phenomenon in the text, it seems desir- 
able to confirm it here ; indeed, since our treatise was published, 
in the course of studying additional cases of malignancy, we have 
found ourselves able to establish the fact, apparently in a greater 
number of instances than before. 

There is one fact among others which specially deserves notice 
and discussion, while we are investigating the fevers belonging 
to this group ; we refer to the tendency of the adult parasites 
and of the forms of fission to accumulate in the vascular system 
of certain organs, in such a way that when, during life, the blood 
taken from the pulpy point of the finger is studied, one is very 
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rarely saccessfnl in tracing the whole of the parasite's life-cycle 
np to the point of fission : (is a matter of fact, the fission of the 
amcebm is effected for the most part in the capillary system of 
certain of the viscera. On the other hand^ in the mild tertian and 
qnartan it is well known that this is not the case— a circumstance 
which renders the stndy of the parasites of these fevers mach 
easier. We have mentioned in the text the principal facts con- 
cerning the distribution of the parasitic forms in the different 
viscera, making use of Bignami's work for this purpose ; but we 
did not stop to discuss the possible causes of such distribution. 

According to Bignami/ the chief reason lies in the grave 
changes induced by the parasites in the red blood-corpuscle — 
changes which have the effect of gradually destroying the 
blood-corpuscle's capacity for free circulation ; so that it finally 
behaves as a foreign body does, and, like the latter, accumulates 
either in the capillary system of the purifying organs (0. g. the 
spleen, &c.), where the circulation is relatively slow, or else 
in the very fine capillaries of other organs (e. g, the brain), where 
the resistance is great. In consequence of this accumulation of 
amoebiferous red blood-corpuscles, which contain chiefly adult 
parasites and forms of fission, alterations occur in the endo- 
thelium of the capillary vessels {e, g. pigmentation, swelling, 
fatty degeneration, and detachment) : these changes, which are 
especially frequent and noticeable in the brain, become in their 
turn the cause of a fresh accumulation of amoebse, principally in 
the adult phase and in forms of fission. This interpretation, if 
accepted, explains how it is that the internal organs tend to 
become loaded with the last-named rather than with the young 
forms ; for, generally speaking, the younger amoebaD are contained 
in red blood-corpuscles which have undergone less alteration than 
those in which the advanced phases abound. Furthermore it 
may be supposed that the parasite's development is fostered by 
the slowness of the circulation, which is physiological in some 
organs (e. g, the spleen), and pathological in others (e. g. the 
brain), owing to the lesions in the vascular endothelium. Whence 
it follows that the parasitic forms which reach sporulation are, for 
the most part, those which are found in certain well-defined vas- 
cular areas. To this may be added the probability that the 
fission and separation of the spores in this variety of parasite 
require but a very short time for their completion ; and the spores 
being quickly set free from the red blood-corpuscle, which con- 

^ ** Bicerche sail' Anatomia Patologica delle Pemiciose," ' Atti Accademia 
Medica di Roma/ see 5th series, ii, p. 33, et aeq. 
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stitates their envelope^ are at once lost in the blood-plasma^ where 
they can no longer be recognised with any certainty. 

It cannot be denied that the red blood-corpuscles are more 
Tapidly affected by the parasites of this species than by those of 
the mild tertian and qaartan^ and that as they lose their capa- 
city for circulating^ they tend to behave like foreign bodies 
introduced into the blood ; hence a certain value undoubtedly 
attaches to the considerations above set forth. Nevertheless the 
difficulty remains of understanding how it is that at the be- 
ginning of the paroxysm the forms of fission are to be found 
accumulated in the capillaries of certain organs (e. g. the spleen 
and the brain^ and also in great quantities , as has been recently 
observed^ in the small vessels of the pia mater) ^ but are yet not 
to be seen in the capillaries of the skin^ although in the latter 
parasites are present (frequently^ too^ in large numbers)^ enclosed 
in red blood-corpuscles already profoundly changed. The most 
typical instance of this phenomenon is furnished by the summer 
tertian. The difficulties here described incline us to look for a 
possible explanation in processes more intimate and complex than 
the mechanical factors we have alluded to. We know that there 
is a certain order of frequency in which the malarial parasites are 
found enclosed in the white blood-corpuscles. Of these intra- 
globular amoebsD the most common are the free adult forms; 
then come the forms of fission^ and lastly those which have 
produced premature changes in the red blood-corpuscles. We 
also know that these phenomena of phagocytosis occur to some 
extent in all the vascular areas of the body^ but especially in 
certain of the viscera^ e. g. the spleen, liver, and bone marrow, 
— organs which abound in elements adapted for this function. 
In view of recent researches on the chimiotaxis of the leucocytes, 
we must suppose that the fact of the inclusion of certain parasitic 
forms, while certain others are excluded, is due to chimiotaxic 
action, and further, that this chimiotaxic action is exerted in an 
elective way. This theory of elective chimiotaaDie is, moreover, 
strengthened by the knowledge of the two following facts : — 
(a) The endothelium of all the organs does not act as a phago- 
cyte, but rather those belonging to particular viscera, — for 
instance, the liver and the brain (at least, in the malignant 
infections) . {h) Neither does all the endothelium of these organs 
perform this function ; just as not all the varieties of the white 
blood-corpuscles, but only some of them, — ^that is to say, the 
ordinary polynucleated and the large mononncleated leucocytes 
(spleno-medullary elements) ; the quantity of these in the blood 

14 
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of malarial patients is in excess of the normal/ and they multiply 
rapidly in the spleen and bone marrow. Now it has been demon- 
strated by observation that the adult amoebsd and forms of 
fission in this groap of fevers tend to accnmnlate exactly in 
those vascular areas in which the phenomena of phagocytosis 
take place. Hence it appears probable that the same elective 
chimiotaxic action which determines the retention and enclosure 
of many of these forms is also the cause of delay in the case of 
those others which^ after escaping from confinement, succeed in 
developing later on. This hypothesis explains satisfactorily the 
distribution, which is elective up to a certain point, of the 
parasitic forms in the capillaries of the different viscera, and may 
perhaps explain as well why the quartan spornlations always 
occur also in the capillaries of the skin. In the quartan and 
mild tertian the chimiotaxic action between leucocytes (pro- 
bably also endothelial cells) and parasites is probably less vigorous 
than in the summer-autumn fevers ; moreover the phenomena of 
phagocytosis do not, as a matter of fact, take place in the two 
groups of fever exactly in accordance with the same law. The 
phagocytosis in the quartan and mild tertian is not seen till after 
the sporulation is completed, or while it is in process of com- 
pletion ; in the summer-autumn infections it is visible even while 
the parasites are still in the phases preceding maturity. 

Such considerations of course do not diminish the importance 
of the mechanical factors above mentioned. These must espe- 
cially be taken into account in dealing with the worst forms of 
malignancy, when the blood is invaded by enormous quantities 
of parasites. 

As we have already stated, this group of summer-autumn 
fevers is marked not only by the amoebad which complete their 
life-cycle in all its details as described ; there are the crescent- 
shaped forms as well. This class of bodies comprises both those 
that have, properly speaking, the semilunar form, and the other 
shapes which approximate to, or are derived from it, including the 
flagellated forms, — ^in a word, all which do not belong, at any rate 
apparently, to the amoeba^s life-cycle, and which differ so far 
from the latter that, according to some (Grassi and Feletti), they 
constitute an entirely separate parasitic species (Laverania). 
The biology and the significance of these forms are not well 
understood ; what is known about them, especially in connection 
with the clinical course of the malarial infection, has been 

^ See G. Bastianelli, " I Leucociti nella Infezione Malarica," ' Bollettino 
della B. Accademia Medica di Roma/ 1892. 
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described partly in the text^ and partly in tlie first Appendix, in 
which we have also brought forward the different theories sug- 
gested with reference to their sig^ficance. It is, however, 
worth mentioning that there are cases of summer-antnmn 
malarial fever in which these forms do not occur, provided the 
infection be promptly checked by a resort to the specific remedy ; 
neither in certain cases are they found at any rate during the 
first recurrence, nor when death speedily ensues. In some of 
these cases no crescent-shaped forms are visible even when the 
different organs are examined, while the amoeboid parasites are 
present in immense numbers. On the other hand, there are 
certain instances of fatal malignant infection, in which, although 
during life but few crescent-shaped forms show themselves in the 
blood, the autopsy reveals an extremely large number of them. 
But they are not uniformly distributed in the vessels of each of 
the viscera ; a very large preponderance is found in the bone 
marrow, where they may be seen in all stages ; the spleen contains 
them in smaller numbers ; while in the other organs they are very 
scanty, or else wanting altogether, as in the brain and the 
meninges, the capillaries of which are filled with red blood-cor- 
puscles enclosing small amoebad. This prevalence of the crescent- 
shaped forms in the bone marrow, which Bastianelli and we have 
already verified, inclines us to suppose that this organ forms, if 
not the only, at least the most suitable site for the growth of these 
bodies. From this point it would seem that they make their way into 
the stream of the circulation (where they are sometimes met with 
in great quantities), in the same way as the nucleated red blood- 
corpuscles in certain states of the organism pass into the circula- 
tory system from the part where they are usually generated, — that 
is to say, the same bone marrow. 



APPENDIX III. 

A CRITICAL REVIEW OP PROP. C. GOLGFS RECENT 
PUBLICATION ON SUMMER-AUTUMN FEVERS. 



TuK greater part of this translation had already been in the 
\\r^M when Golgi's publication,^ treating of the biology of the 
mruHites of sammer-autumn fevers, in which he arrives at concla- 
iU(inH partly at variance with ours, came under our notice. 

Although the review of this publication compels as frequently 
til reiterate facts already alluded to, in order to better convey 
to the reader our most careful examination of Golgi's conclusions, 
of tlio methods by which these have been arrived at, of the ten- 
ilotieioH which they lead to, and above all, that we are in no way 
(Hiin polled to change the facts or views treated of in this work, 
W4> deem it best to deal briefly with these. At this very point 
wo hasten to state that Golgi's publication presents no new facts 
MtttiMfactorily established ; nor are there, according to our judg- 
ment, any original views that will bear criticism. 

Golgi had already treated of the same subject in two former 
iiotoH, arriving at conclusions which we at the time combated. 

In thefirst* of these, Golgi tried to establish the relation between 
i\w so-called semilunar bodies of Laveran and that type of malarial 
fovor characterised by recurrences which take place at intervals of 
WviJ, six, eight, ten, twelve, even fourteen or fifteen days. The 
cycle of development of these semilunar bodies which cause these 

I ' 8ammer-aatamn Malarial Roman Fevers.' Communication of C. 
Golgi to G. Bacelli. Pavia, 1893. 
* ' Gazzetta degli Ospedali/ No. 65, 1889. 
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fevers does not take place in a constant or well-determined 
period of time^ but varies in different individuals^ and even at 
various periods in the same case^ according to circumstances as 
yet not well defined ; this should afford the explanation of accesses 
of fever at long and irregular intervals. 

Oolgi^ treating of the same subject in his second article^^ 
gives an explanation and description of the cycle of development 
of the semilunar bodies^ which had merely been alluded to in 
his previous publication. He adds that the presence of Laveran's 
semilunar bodies in the blood not only produces intermittent 
fevers at long intervals^ but also '' many fevers with accesses at 
short intervals, some of the quotidian type^ and even those with 
subcontinued and subintrant quotidian characteristics.'' He 
further states " that, within the sphere of his own observations, 
these forms occurred in very limited proportions/' 

The most salient points of Golgi's description are as follows. 
Corresponding to each attack of fever of this variety, the blood 
is found invaded by young unpigmented bodies, endowed with 
amoeboid movements, and in part immobile, arranged in annular 
shape. These bodies, instead of developing progressively, as 
is the rule in the endoglobular forms of the tertian and quartan 
variety, within twelve, twenty-four, and thirty-six hours, and after 
exhibiting few and very minute grains of melanin^ disappear, pro- 
bably after having uudergoue granular degeneration. The author, 
however, does not exclude the possibility that these young parasites 
may exceptionally develop into forms similar to those of the tertian 
and quartan. 

Besides these bodies, Golgi, during the period of fever, 
further observed a few of the flagellated type, which seemed to 
disappear within a few hours. The examination of the red blood- 
corpuscles during the apyretic period gave only negative results. 
Instead of endoglobular forms, he observed a greater or smaller 
number of free semilunar bodies, which presented " in slow and 
regular gradation the change of the round into oval and then into 
spindle shape, with and without the curve, and finally into the 
characteristic semilunar, the curve gradually becoming more 
pronounced." The semilunar bodies, after having reached their 
full development, present internal structural changes which lead 
to the formation and throwing off of young corpuscles ; the latter 
attack other red blood-corpuscles, and thus are the factors of 
renewed periods of fever. Accordingly, the facts dwelt upon in 
this publication are as follows: — ist, that the semilunar bodies 

^ ' Arch, per le Scienze Mediche/ 1890, No. 3. 
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multiply by '^a process of internal structural changes;'' 2nd, 
that the young amoebsa found in the red blood-corpuscles during 
the febrile attacks do not ultimately develop^ but^ probably owing 
to granular degeneration^ disappear. 

We have already given our reasons in the first Appendix for dis- 
countenancing the custom of treating of long-interval fevers as 
a separate class. 

Again^ in this and in preceding publications we have described 
the development of the young amoebsBj circulating in the bloody into 
bodies with a central accumulation of pigment and the segmentation 
of the latter. Furthermore we have expressed our serious doubts 
regarding the development of the semilunar bodies ; although we 
have had abundant and suitable material at our disposal^ we have 
never been able to trace them up to the stage of multiplication. 
These discrepancies in opinion^ however^ may in part be ascribed 
to the facility in variously judging the significance of certain 
forms of the parasites^ above all of the forms of segmentation. 
This may occur especially if one unhesitatingly considers all 
bodies in the shape of small corpuscles that are divided or 
segmented^ studied in fresh specimens^ as types of segmentation. 
In our more recent researches we have established it as a rule, 
never to accept any forms of parasitic segmentation as types of 
multiplication unless thay have been studied in coloured prepara- 
tions, and present the structure of spores.^ It seems almost super- 
fluous to add that Golgi's hypothesis of the possible development 
of the young amoebae of summer-autumn fevers into those of the 
tertian and quartan type is not only not borne out by facts, but the 
latter, in reality, oppose it. Again, it is an error to look upon the 
semilunar bodies as generally free ; Marchiafava and Celli, a loDg 
time ago, demonstrated their endoglobular origin, and showed 
that they retain this state during the greater part of their exist- 
ence. In face of these and the other divergences stated, Golgi 
has felt the necessity in the publication, of which we will now 
treat, of re-arguing the questions. His monograph is divided into 
two parts, one of which is critical; the other treats of original 
observations. 

In the first we shall merely touch upon the principal points. 
Golgi commences with a criticism of our division of malarial 
fevers into two great groups. While he accepts the term of 
" summer-autumn " for one of them, he does not approve of the 

^ Golgi, in his work, treats of various forms of segmentation different 
from those described by us. His descriptions, however, are by no means 
convincing, nor does it appear that they have been thoroughly studied. 
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ABomination of *' spring '' or ''winter-spring " fevers for the other 
fKmp. We have already treated of the arguments he adduces^ 
jpi part in the first chapter^ and again in the first Appendix of 
ffm work ; accordingly^ we deem it saperflnons to repeat. We 
ipow immediately approach one of the most important facts in the 
Jnology of the parasites of summer-autumn fevers^ namely^ a 
^JEeatare studied and insisted upon by us in all our reports as one 
^of the most important characteristics of this group of f evers^ that 
the segmenting forms are almost never found in the circulating 
hlood. Were we to refer to our reasons for attempting to explain 
this fact^ we should be compelled to repeat what has already been 
treated of in other parts of this work. Some of our considera- 
tions referring to the questions in argument are dwelt upon in 
the second Appendix. We merely wish to recall that we regard 
the presence in the blood of endoglobular amoebsB^ presenting 
finely granular pigment, which gradually disappear from the 
circulating fluid as the new febrile attack approaches, as the sign 
of impending multiplication; these accumulate in the internal 
organs, where the process of reproduction by means of division 
takes place. Now Golgi does not hesitate to affirm that this 
fact — f . e. the accumulation of the parasitic forms in the internal 
organs, and their consequent multiplication in connection with 
the febrile paroxysm — if not entirely, in the main, still awaits 
confirmation, and that our observation is merely an induction 
based on collateral knowledge. As he expresses himself (1. c, 
p. 19 of the reprint), ^'I must note that it is neither the act of 
sporulation, nor of segmentation in progress, that is here 
considered as a symptom of the approaching attack of fever, but 
another sign that is interpreted as an indication of approaching 
sporulation. Now as the latter has as yet not been directly verified, 
being more of a supposition based on collateral knowledge, one 
may assert, and not without grounds, that the sporulation of the 
summer-autumn amoebsa circulating in the blood is more an hypo- 
thesis than a recognised fact.'^ 

Certainly several passages in our treatise must have escaped 
Golgi's attention. Thus on page 41 we note, " Although in the 
blood taken from the finger we but very seldom found structures 
in fission, still the presence of adult forms (plasmodia containing 
granules of pigment and forms enclosing masses of pigment) may 
lead one to infer with certainty that multiplication is about to 
take place in the internal organs. This is, in fact, demonstrated 
by examination of the blood extracted from the spleen during life, 
and by examination of the parasitic contents of the various organs 
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in cases of fatal pernicious fever/' The monograph of Bignatni 
and Bastianelli^ published several years ago, describing the 
methodical study of these fevers by means of frequent puncture of 
the spleen, seems also to have escaped Golgi's attention. 

These observers, treating of this subject, state, " On studying 
these patients in the initial paroxysms of the fever, and in 
carefully observing the development of the parasites, above all, 
availing oneself of frequent punctures of the spleen, only the 
various forms of the amoeba of Marchiafava and Colli in various 
phases of its development, from the unpigmented amoeboid 
protoplasmic body to that containing pigment, or in a state of 
segmentation, will be found to be in relation with the paroxysms. 
In the greatest number of cases, in order to determine in the 
patient the forms of multiplication of the parasite, it is necessary 
to resort to puncture of the spleen. The blood extracted from 
the finger in the primary paroxysms generaUy only demonstrates 
unpigmented plasmodia or those containing only very minute 
granules of pigment. Marchiafava and Colli, in their preliminary 
publication, had already called attention to this fact ; and evidently 
not bearing this in mind, it would be easy to think, as Gtolgi has 
affirmed, that the plasmodia of this group of fevers do not, as a 
rule, mature.'^ It is also stated in previous portions of this 
publication that one may follow the development of the parasite, 
making use of puncture of the spleen, in all the fevers of this 
group. 

Therefore, that multiplication of the parasites does take 
place in correspondence with the febrile paroxysm is not an 
hypothesis, but a fact, confirmed by numerous observations and 
studies, carried out with the same methods of investigation that 
Golgi has deemed fit to adopt in his own researches. Accordingly, 
it will appear as natural if we, in our latest researches into other 
points, have no longer practised repeated punctures of the spleen 
— an operation, although devoid of all danger in malarial patients, 
always unpleasant. Insisting upon its being a hard fact, con- 
firmed by numerous experiments, we may pass over other 
observations made by Golgi in treating of this question, these 
no longer pertaining to the fact itself, but rather to his interpre- 
tation thereof. As it is, it would not be difficult for us to 
demonstrate also that these latter are not well founded. 

We first of all felt the difficulty of satisfactorily explaining 
the reason why in this group of fevers, whilst the younger 

^ •* Observations on Summer-autumn Malarial Fevers," * Rif. Med.,' Ottobre, 
1890. 
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must favour their normal circulation. However^ the great and 
special alterations which they^ due to the endoglobular parasite, 
have undergone, does not seem to have been considered. Now 
arises the question whether the circulating quality of the red 
corpuscles depends alone on their size, or not rather and mainly 
on their inherent elasticity, the state of their superficies, &c. 
That these qualities of the corpuscles do undergo profound 
alterations in summer fevers may be proved by direct observation. 
On examining microscopically fresh blood in which there are 
many corpuscles containing parasites, especially of the adult 
type, and making pressure on the covering glass, thus pro- 
ducing a change of position, the normal red corpuscles will 
usually be observed to rapidly move in all directions, rolling and 
gliding over each other, whilst those altered by the presence of 
the parasites barely move or change their places. This altera- 
tion in elasticity is not noticeable, adopting the same mode of 
procedure, in the red corpuscles invaded by the parasites of the 
classical tertian. 

But, whatever be the reasons that the parasites prefer the 
internal organs to complete their cycle of development, we have 
certainly demonstrated this fact by repeated punctures of the 
spleen during life. It is in this sense that we must deny 
Golgi^s charge, that the well-known state of segmentation of 
parasites found in the organs in fatal cases of pernicious fever 
'^ constitutes the principal basis of the doctrine that attributes 
the so-called summer-autumn fevers to the cycle of development 
within twenty-four to forty-eight hours of the small summer- 
autumn amoeba)" (1. c, p. 21). This assertion is entirely 
arbitrary on Golgi's part. 

The conditions found in the above-mentioned autopsies con- 
tribute to our general knowledge of parasitic accumulations in 
internal organs, and permit us to have a clearer conception of the 
laws governing the distribution of parasites in the vascular areas 
of the viscera. There are cases in which, on microscopic 
examination, one may find within the narrow confines of one 
cerebral capillary, side by side, types of the various phases of 
development of the parasite, from the unpigmented amoeba 
up to the period of segmentation. But what relation have these 
facts with the theory of the cycle of development in one or two 
days ? This last is based upon an entirely different series of 
observations, made during life. Accordingly, Golgi's strictures 
can have but little weight, in face of the fact that he has not kept 
an important part of our researches in view. 
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Another point of divergency is the duration of the cycle of 
development of the amcebad of this groap. Grolgi does not 
commit himself on this point, but he does not admit of its being 
as rapid as we describe. One argument which he adduces 
against our view of the rapid cycle of development is the great 
resistance which these fevers not unusually offer to the action of 
quinine. Even admitting that this intractability is as general 
an occurrence as Golgi is inclined to believe, we think that 
many physicians would not agree with him regarding its fre- 
quency. In any case, it is interesting to follow Golgi's train of 
reasoning in treating of this point. '' It is well known that the 
action of the drag in cases of quartan and classical tertian fevers 
is, as a rule, energetic and prompt. Furthermore we know that 
in these fevers the young forms are most susceptible to the 
influence of the drug. Now, if the development of the amoebsB 
of these summer fevers does take place within twenty-four to 
forty-eight hours, we should have the certainty that quinine, 
administered at whatever period, due to its persistent action on 
the organism, should always act upon the young forms in their 
earliest stage and destroy them.^' Because this does not take 
place, Golgi's doubts regarding the cycle • of development of 
these parasites as described are strengthened. 

This mode of reasoning has the grave defect, that facts 
which are entirely different are treated of as similar or identical. 
It is implicitly taken for granted that the younger amcebad 
of the tertian and of the quartan varieties share the same qualities 
as regards the action of quinine as do those of the summer 
group. However, this remains to be demonstrated, and, indeed, 
facts would indicate a contrary state of things. 

The differences in the biology of these two groups of the 
parasites of malaria being so great, why not seek in these 
factors an explanation of their differing resistance to the action 
of quinine 7 

It is by no means arbitrary to assume a special hypothetical 
anatomical condition, by which the parasites are protected 
against the action of the drug, rather than an inherent degree of 
resistance of the parasites to it. Elsewhere we have laid stress 
upon the necessity of studying the action of quinine on each 
variety of the parasites, and accordingly cannot think it proper 
to apply to one variety, peculiarities belonging to another, without 
thorough corroboration of the facts. 

We shall not treat of other points of controversy, of minor 
importance, such as the significance of the ^* brassy red corpuscles,'^ 
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the more so as Golgi agrees with as, '^ that of the various hsama- 
tological appearances that point to an approaching development 
of fever, the one in question (the presence in the blood of red 
blood-corpuscles containing parasites) is indisputably of notable 
importance" (1. c, p. 14). 

As we have amply illustrated our observations by examples 
and thermometric tracings annexed to our publication^ we similarly 
prefer not entering into argument upon points referring to the 
clinical course and the variety of these fevers. Furthermore^ 
we shall not dwell upon some inexact criticisms which Grolgi's 
work offers ; as example^ on p. 14^ in treating of the greater 
virulence of the parasites of summer-autumn fever^ he states 
that this co-efficient *^ h&s, up to the present, never been 
taken into consideration in malaria/' whilst we in our publica- 
tion have paid special attention to it in the chapter '^ On 
Pernicious Fevers." Were we to combat, point by point, the 
criticisms levelled against us even in the most trifling details, 
we should of necessity be compelled to repeat continuously 
facts already treated of in this work. To avoid this, we shall 
pass on to the second part of Golgi's work, that based on 
original researches. The principal and fundamental propositions 
that result from Golgi' s observations are essentially two in 
number; we shall present them as nearly as possible in the 
author's language, namely — 

ist. In contradistinction to what occurs in the classical 
intermittent fevers — of the tertian and quartan types — in summer- 
autumn fevers the pathological state of the circulating blood 
(essentially due to the presence of the small summer-autumn 
parasite) does not represent a necessary, however almost constant, 
" index " of this special group of malarial fevers. 

2nd. '^ The entire process (i. e. the cycle of development of 
the parasite) does not take i^lace in the circulating hlood, hut in 
the internal organs." 

According to Golgi, all the changes found in the circulating 
blood represent " merely an accidental, not necessary, index of 
this special group of malarial fevers " (1. c, p. 33). Let us now 
look into the facts upon which he bases this proposition, and the 
consequences to which it leads. It is essentially based upon the 
circumstance that the examination of the blood in certain cases, 
notwithstanding the existence of malarial infection, may give 
negative results. We need not remind the reader that these 
negative results are entirely exceptional ; we cannot recall a 
single case of malarial infection in which repeated and properly 
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conducted examination of the blood did not reveal the presence 
of parasites. 

Mannaberg, in 130 cases, records only three in which examina- 
tion gave negative results. Besides, we have called attention to 
the variations in the number of the parasites duriug the varying 
phases of the course of the infection, indicating the periods 
most opportune for diagnostic examination (see chapter on 
" Summer Tertian '*). 

Examination in cases of classical tertian, at times, also may 
result negatively, and even when yielding positive information, 
in certain cases, will not demonstrate the various phases of 
parasitic development up to fission. Based upon this, Golgi 
assuredly would not assert that also in cases of common tertian 
the alterations found in the circulating blood are purely accidental. 
However, in treating of summer-autumn fevers, this mode of 
reasoning seems to him valid. For example^ Oolgi, '^ under the 
influence of observations made on the common type of intermittent 
fevers '' (1. c, p. 34), at first accepted the possibility of negative 
results in examining the blood during the initial period of malarial 
fevers with a certain amount of diffidence. On the contrary, in 
the summer-autumn fevers he immediately accepts it, and con- 
siders it of great importance. 

The fact, however, that this was observed for the first time in 
two cases of common tertian by Gualdi and Antolisei in ov/r Medical 
Clinic seems to have escaped Golgi's notice. 

The truth is that Golgi's assertion seems manifestly based on 
a preconceived doctrinal idea. Taking it for granted, as is 
stated in the second proposition, that the parasites of summer- 
autumn fevers only develop in the internal organs, one can 
easily understand ^' that, in any case, the presence or the absence, 
or the number of the young amcebse in smaller or greater quantity 
in the circulating blood, will always constitute an accidental 
factor.'* However, all of our researches, the fact especially of 
the successive development of the parasitic elements in the blood, 
up to a given phase in their cycle of life, when they slowly dis- 
appear, and again, the regular repetition of this state of affairs, 
corresponding with each paroxysm of fever, in the ordinary cases, 
are in opposition to this statement. 

Further, we cannot accept as a fact another consequence, 
derived from the following proposition of Golgi's, namely, that 
an examination of the circulating blood '^ may yield a diagnostic 
conception of the existence, but not of the degree of gravity of 
the malarial infection.'' This statement is not exact ; pernicious 
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fevers^ in fact^ in the majority of cases^ present a characteristic 
parasitic condition of the bloody which permits of the diagnosis 
and prognosis of the gravity of the infection. In order to arrive 
at snch a conclusion^ however, it is necessary not only to esti- 
mate the result of one examination, but at times of several, in 
order not only to ascertain the number of the parasitic forms, 
but also of their state of development, and of other facts, to 
which we have already called attention in treating of the parasitic 
finds in severe fevers, and of the prognostic value of other signs. 
In the second Appendix we have spoken of, and dwelt upon, the 
considerations suggested by the exceptional cases of pernicious 
fever in which there are but few traces of parasites in the blood 
and in the internal organs. At this point we beg to state 
that, as in the cases to which we refer, not only the blood, 
but also the internal organs contain only small numbers of para- 
sites ; the fact in itself is no more opposed to our view than it 
can sustain Golgi's interpretation. 

However, if the altered state of the circulating blood be acci- 
dental, what becomes of the small amoebsB that appear during 
every paroxysm of fever ? In his earlier publication, already cited 
at the beginning of this chapter, Grolgi states as a fact that the 
small amoebsa do not develop to maturity, but disappear, probably 
in consequence of granular degeneration. He does not exclude the 
possibility that in exceptional cases they may develop into tertian 
and quartan forms (!). In the publication at present in question 
we, however, find contradictory views. On page 32 we note 
the following : — ^^ The small amoebae in the circulation bear no 
relation to the pathogenesis of the febrile process ; they are merely 
the first phases in the process of development.'' However, on page 
34 he expresses a certain doubt in stating, "I do not wish to 
enter into the question whether a part of these young amoebae, 
at a certain stage of their development, may not become arrested 
in the internal organs, and here continue their evolution up to 
complete maturity, or whether these circulating amoebae are 
destined to perish.'' Again, on page 36 the author expresses 
a similar reserve. 

Now we have always held that part of the circulating amoebae 
are arrested in their process of development, and perish together 
with the red corpuscles which envelop them ; we allude parti- 
cularly to those found in the red blood-corpuscles having undergone 
so-called " brassy degeneration." But we have no reason to 
doubt that a great part of them do continue up to full development 
after becoming arrested in the internal organs. A conclusive 
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confirmation of these facts has recently been obtained by 
Bignami and Bastianelli in a series of experiments with regard 
to inoculation. They have demonstrated that the inocalation of 
the blood of a subject suffering from malaria^ even in the smallest 
quantity (e. g. two drops) , into the circulation of a healthy 
individual will^ after a varied period of incubation, produce fever ; 
furthermore, that the blood of tbe individual inoculated, frovh 
the very first attack of fever^ demonstrates the presence of new 
generations of young amoebsa. 

The opinion, accordingly, that everythingfound in the circulating 
blood is accidental, is in part due to allowing a mistaken value of 
some exceptional factors, and in part to holding a preconceived 
idea. Taking for example that the temperature course in certain 
cases of typhoid fever is entirely irregular, would it be logical to 
affirm that in these cases the course of temperature is accidental ? 
One can find numerous analogous examples in all infectious 
diseases. 

In contradistinction to Golgi's view we affirm the following : — 
That in summer-autumn fevers, whilst a great portion of the 
development of the para^sites, especially segmentation, does take 
place in the internal organs, there occv/rs, in a determinate rela- 
tion with the course of the paroxysm of fever, an invasion of young 
amoshse into the circulating blood. The presence of forms of advanced 
development and in the state of segmentation in the blood is a certain 
indication of gravity. 

Now to Golgi's second proposition, " The entire process does 
not take place in the circulating blood, but in the internal organs. 
If Golgi were only to change the position of the word " entire 
in this sentence, and thus were to say, '^ the process does not 
take place entirely in the circulating bloody but in the internal 
organs,*' it would indicate exactly the position we have occupied 
in this and other publications in treating of this question. 

To sustain his view, Golgi details the results of the expedient 
of puncturing the spleen in those affected with these fevers. He 
begins with the affirmation that the blood of the spleen invariably 
presents a positive condition or state as regards the parasites (1. c, 
P* 35)* ^® were aware of this, and it is in perfect accordance 
with our observations and our views. If the young amoebsa are 
in the general circulation, it is quite natural to find them (and 
in great quantity) in the spleen. Further, if at a certain phase 
of their development they are arrested in the internal organs, and 
here complete their cycle of life, as we have always held that they 
do, as thus in the internal organs an accumulation of amoebsa at the 
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stage of maturity and segmentation is founds it follows, as one can 
readily understand, that the examination of the blood of the spleen 
will always yield positive results. 

In treating of the cycle of life of the parasites the author dis- 
tinguishes three phases. 

The first phase '' is represented by young unpigmented amoebsd, 
or by those containing but few granules of pigment, such as 
are usually described and depicted as the amcobsa circulating in 
the blood." This phase corresponds to the first and second phases 
of our description of the summer tertian. 

The second phase is " represented by the small amoebae with a 
central accumulation of pigment, up to a more or less advanced 
invasion of the red blood-corpuscle, sometimes with complete de- 
struction of the haemoglobin, at others with a portion of it remain- 
ing" (1. c, p. 37). In treating of this form, Golgi insists upon 
the variation in size of the structures containing a pigmentary 
accumulation, which may be small, or instead may assume a rela^ 
lively very large ^'2;e,he regarding the larger forms as being derived 
from the smaller ones. We also have observed and depicted this 
variation in size. Further, we have also noticed most minute 
forms of sporulation originating from very small amcebse with a 
central pigmentary accumulation (see the sporulation of the quo- 
tidian), and larger forms with many spores derived from larger 
parasites containing the central pigment. All the forms of seg- 
mentation, however, be they of larger or of smaller type, if 
recognisable with certainty as such, are developed within the con- 
fines of the red blood-corpuscles, the latter possibly presenting a 
profoundly altered aspect. It is only in consequence of a later 
change that they are liberated. Golgi does not fix the length 
of time necessary for the development of the second phase, 
but believes it must be a long one. He is led to this by the 
question of size they may arrive at. This reason is hardly a 
valid one. Do we not observe, perhaps, that the parasites of 
tertian in the space of two days attain a notably greater size than 
those of the quartan in three ? 

" The third phase is represented by parasites in advanced stages, 
endoglobular or free, modified in various modes by the later 
development, and above all by the processes of reproduction. 

In the description following, one in vain seeks to find out 
which are the forms '^ changed in various modes by the later deve- 
lopment.^^ On the contrary, much attention is devoted to the 
types of multiplication. Eegarding these, Golgi makes the fol- 
lowing distinctions : 
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(a) "A form of reproduction, which one may call, that by total 
segmentation, and which takes place with a regularity of phaseH and 
of forms, comparing with sufficient exactness with that which 
one observes in classical intermittent fevers." This type of 
fission corresponds with that observed and described by ua. 
Golgi, however, adds that he has observed some segmenting forma 
belonging to this class of an exceptionally large size, contain- 
ing as many as from forty to fifty spores. We have counted from 
twenty to thirty spores, or even a few more, in these forms of 
multiplication. We have never been able to meet with a much 
greater number, not even in stained preparations, in which it 
is impossible to mistake other forms for those of fission (as, 
for example, degenerative, disintegrating forma), and it is easier 
to count the individual spores. If new researches confirm this 
statement, it will be the sole new fact in Golgi's work. 

{b) " A form of reproduction which points to a process of etido- 
geneaia through an internal differentiation of the protoplasm, and 
which takes place in sncbamanner that the periphery of the parasitic 
form is surrounded by a membrane-like stratum of its substance." 

However, terming this form of segmentation " entiojeiiowe " 
would lead one to suppose that the other processes of fission were 
not so. Now all observers agree in affirming that segmentation 
of the parasite of malaria always takes place by endogenesia, — 
that is, by the formation of a varying number of most minute 
chromophil bodies, the latter gravitating toward the periphery 
of the body of the parasite, to become surrounded by a part of 
the protoplasm. Also, in this relation, the study of specimens 
stained with hasmatoxyliu, demonstrating that there are no fun- 
damental differences in the process by which segmentation of 
the parasites takes place, has resolved the argument in question. 
It does not appear that Golgi, in his researches, availed himself 
of those methods which alone permit of a careful study of the 
structure. 

(c) As a third division, Golgi treats in a very doubtful manner 
of the segmentation of particular forma of greatly varying size, 
of which he admits " the still distant possibility of establishing 
their biology." According to Golgi, " the contours of these bodies 
are irregular, often markedly tuberous or berry-shaped, and are 
capable of changing their forms. Apparently they reproduce 
in a different manner." 

If we do not err, which is possible, considering the vague 
description, we incline to the belief that these forms correspond 
to those which we hare alluded to in the text, and which we have 

15 







226 SUMMER AND AUTUMN MALARIAL FEVBfiS. 

looked upon as tbe bodies containing niHsses of pigment, and 
which, being free in the plasma, are in & state of degeneratioD. 
This metamorphosis may take place by a process of vacnolisntion 
or of hyaline disintegration. Aa long as Golgi himself admits 
that he is far from being able to establish their biology, we do not 
push our view. 

As seen by this summary but careful review, a.ny newly aacer* 
tained facts which may prove of fundamental importance are 
entirely wanting in Golgi's memoir. In concluding his own 
observations he sustains the view of the continuous development 
of the parasites hi the internal organs. Further, he inclines to 
the belief that the forms of segmentation which occasionally are 
found in the circulating blood have casually escaped from tbe 
viscera in a, similar way to that indicated by the presence of 
young amcebfe in the circulation, which also must be looked upon 
as accidental. It is almost useless to repeat here that this 
conclusion is contradicted in the most absolute manner, by the fact 
that a very large proportion of the circulating amcehm is capable of 
mature development up to segmentation. We have already shown 
that it is partly based on an erroneous estimate of exceptional 
facts, and partly on a preconceived idea. 

In referring to this, Golgi, in order the better to elucidate his 
view, resorts to the arguments of analogy ; he compares the 
condition of the circulating parasites in these fevers to that of 
the nucleated red blood-corpnscles found in the circulation in cases 
of pernicious aneemia, of severe common anfemia, and of lenktemia. 
While, in fact, the nucleated red blood-corpuscles are found in 
the greatest number in the bone marrow and in the spleen in these 
pathological conditions, yet it is only on rare exceptions that these 
are observed in the circulating blood {1. C, p. 33). 

We do not know to what extent investigators engnged in 
hasmatology, who are specially interested in these qnestions, 
would agree in the estimation of this fact as a rare exception. 
If, for example, in pernicious anosmia the state of the nucleated 
red blood- corpuscles, specially certain types of them {megalo- 
blasts), are looked upon as characteristic, and constant, and neces- 
sary for the clinical diagnosis of certain forms of progressive 
auffimia, and if the same applies to certain medullary cells in 
medullary leuksemia, on what authority may one speak of accident ? 

We have felt impelled to dwell so long upon this argument 
merely from our dread of the harm which may accrue to medical 
practice if Golgi's error, in deference to the authority of the observer, 
should be accepted. In fact, if there can be cases of pernicious 
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infection with regular absence of circulating parasites^ and if the 
condition observed in the blood be purely accidental, naturally 
the utility of a clinical examination of the blood will prove of much 
lessened value, and even with the microscope, certainty in arriving 
at a decision must be lacking. Under this state of affairs some 
physicians may abandon this valuable means of diagnosis, which 
in certain cases, in the absence of clinical criteria, is the only 
means which permits of the recognition and proper treatment of 
malarial diseases. 

The acceptance of this preconceived view would thus mani- 
festly be harmful in its effects, and we can never oppose it 
too warmly. 

A few more remarks. In treating of the observations already 
quoted, regarding the forms of segmentation in this group 
of fevers, Golgi again gives us to understand that our know- 
ledge of these segmentations is almost entirely based upon 
the results of autopsies in cases of pernicious fever. We have 
already demonstrated the inexactness of this assertion. More- 
over, although Golgi on this point is not clear, he seems to 
express the view that the condition of the parasitic forms may 
vary according to the longer or shorter period ensuing before the 
autopsy is performed (1. c, p. 39). In alluding to this, our 
observations do not permit of the slightest doubt. We have 
examined the structure of the spleen immediately after death, 
and again after many hours and even days, it hardly need be 
added, as it is self-evident, in the same case, and never have 
we been able to detect any modification in the state of develop- 
ment of the parasite, — so much so that we are ready to affirm 
with certainty that after the death of the patient the development 
of the parasite becomes arrested. Moreover recent researches 
have demonstrated that after death the parasites, as best seen 
in preparations stained with haematoxylin, rapidly undergo 
structural alterations. The young amoebae, studied in the blood 
during lifetime, on being stained appear as a more or less 
delicate ring, whilst those examined but a few hours after 
death take up the colouring matter in so diffuse and general a 
manner as to resemble in certain cases large micrococci. In all 
probability the parasites are profoundly affected and killed by 
those intimate changes in the blood and tissues following death. 
Bignami and Bastianelli will shortly treat of this subject at 
greater length in a forthcoming publication. 

Another point meriting attention is the hypothesis, hazarded 
with reserve, of the development of the parasites of malaria 
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witWn the leucocytes and tissue elements, and "of the excep- 
tional protection which these hidden sites may aSord them" 
(1, c, pp. 34 and following). The author also supposes that thin 
hypothetical intercellular position may explain the intractability 
of many fevers to the action of quinine. Even accepting this 
hypothesis, it would always remain to be demonstrated that a 
parasite enclosed in a white blood-corpuscle or in a splenic cell 
offers a greater resistance to the action of drugs than one in a red 
blood-corpuscle. The unqualified acceptance of this primary 
possibility would, to say the least, be rather arbitrary. Besides, 
even according to Golgi, to attribute to phagocytosis the inclusion 
of parasites in the white corpuscles may be considered as a proper 
interpretation in Ihe majority of caufs. Accepting this, how ia it 
possible to explain, by means of an exceptional fact, the greater 
resistance to drugs which, according to Oolgi, is a most commoti 
occurrence ? 

The hypothesis of a possible development of the parasites 
within the white corpuscles, or the cells of the tissue of the spleen, 
is based upon the well-known fact that parasites, having all the 
appearances of forms capable of development, may be found 
within the white corpuscles, and upon another feature, also 
demonstrated by us, of necrotic degeneration of many white cor- 
puscles containing many parasites. We have called attention 
to this latter fact, constructing upon it an hypothesis to explain 
the recurrences so common in these fevers, We have supposed 
that at least a part of these enclosed parasites escaping destruction, 
and continuing to exist in latent vitality after the necrosis of the 
white corpuscle, renew their course of development and give rise 
to new recurrences. If we have, above all, treated of included 
spores, it is not that we are influenced by the hypothesis that the 
spores of the parasites of malaria are analogous in their powers 
of resistance to external agents with those of bacteria, but by 
facts observed by us. We may mention that we are perfectly 
aware that the terms "spore" and spornlation, in speaking of 
malarial parasites, are made use of by Leuckart, Biitschli, and 
others in a special sense for other similar structures. In pre- 
parations stained with hasmatoxylin one may often succeed in 
observing spores perfectly preserved in structure embedded in the 
leucocytes, and these more often than other forms of development 
in the same state. 

Regarding Golgi's hypothesis of a possible development of the 
malarial parasites of this group, not only in the red, but also in 
the white blood -corpuscles, -we may state that this would be a con- 



KEVrEW OF PROF. C- GOLQIS RECENT PDBLICATION. 229 

tradiction of the general laws of endocellular parasites, wliich as a 
rale are pamsites of fixed histological elements in determinate 
animal species, and not at the same time of other elements. 

Another question of importance touched upon by Golgi, but 
which we can only now allude to, is that of the genesis of black 
pigment in enlargement of the spleen. However, in order not to 
dwell on it, we must refer the reader to a recent publication of 
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part devoted to original research contains nothing new that has as 
yet been firmly established, but it contains merely a repetition of 
well-known facts, which the reader can find in our various publica- 
tions. Golgi, in parts of his work, confirms the results of our obser- 
vations: e.g. he admits that pernicious fevers are due to the parasites 
of this group; he shares our view that the semilunar variety does not 
form a species or group by themselves, as Grassi and Feletti claim 
for them, bat belong to the same parasitic variety- He recog- 
nises the importance of the parasitic state in the internal organs, 
and confirms the fact that the forms of advanced development 
and in segmentation are almost exclusively found in the viscera. 
He agrees with ua in the main regarding the known facta of the 
special morphology of this variety of parasite, and of the charac- 
teristic alterations which they produce in the red corpuscles. 
Furthermore, in treating of phage cytism, of the manner in which 
it takes place in these fevers — in brief, of facts — he simply con- 
firms our views. 

Regarding the " varying special localisation of malarial parasites 
in different viscera," we have described and commented upon not 
a few examples in our latest as well as in preceding publications. 
Alluding to the semilunar variety, and their derivation from the 
endoglobular amoebte, Golgi states that " if this can only excep- 
tionally be observed in the blood, it is easily demonstrable by 
verifying a succession of their phases in the bone marrow and in 
the spleen in cases of fatal pernicious fever." This is a complete 
confirmation of what had already been observed by Bignami and 
Bastianelli. Golgi, however, forgets that these latter had described 
this succession of phases principally in patients in whom puncture 
of the spleen had been resorted to. The divergences of opinion 
are mainly due to varied interpretations of facts. There are still 

" Studies on tbe Fatbological Anatomy of Chronic Malarial Infectiona," 
■ - 1893. 
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BiftDj UcQne ia the biology of tliie rarieCy of tnalari&l paraBtI« 
asd to these we have called attentioQ in the coarse of onr inves- 
tigations. Notie of these have been filled in by Golgi's reaearcJic*^— . 
He does not accept the cycle of parasitic life as we describe its^^ 
bat he himself oSers no alternative one. He says it is irregular^^_ 
without determining the limits of irregnlarity. No one who ha s ~~ m 
bad any experience in the natural sciences will believe that— ^ 

there are not determinable limits, or that it is impossible to find 

in this class of facts a regular order. These limits of irregnlarity — 
are fixed, according to onr researches, by the cycles of develop- - 
ment which take place in from twenty-fonr to forty-eight houre, 
and which correspond to the various types of fever. 

In concluding this lengthy discussion, we simply insist upon the 
correctness of the resnlts of this onr last publication as well as of 
our previous researches. 

The parasites of summer-autnmn fevers are parasites exclu- 
sively involving the red corpuscles. Id the red corpuscle they 
contiune their process of development up to the period of eeg< 
mentation. The young eodoglobular amoebffi circulate in the 
blood. Those more developed and in the phase of segmentation 
become arrested; they take -up a potntion in the vascular areas oE 
the viscera (spleen, bone marrow, brain). Regarding the locali- 
sation of the parasite, there is probably a difference in what 
occurs in cases of median gravity and in more serious (pernicious) 
cases. There is reason to believe that " in the first cases the 
parasitic forms specially accninulate in those organs which serve 
ordinarily as places of deposit for the contaminating matter of 
the blood (the spleen), and in the second instances other oi^ns 
may become involved, as the braiu, &c."' The last will explain 
the various special localisations in pernicious fevers. The forma 
circulating in the blood are capable of complete development. 
Their presence in the circulation can be verified by the laws we 
have established, and is not at all accidental. Segmentation of 
this group of parasites takes place always by endogeiie-au in 
various ways, but by a process which is fundamentally the same 
in all cases. 
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Our views regarding the malignant tertian have been severely 
censnred by authoritative critics. It has been said that we 
have created new clinical types solely on the basis of parasito- 
logical observations^ and that we have done wrong in adopting 
the term '^ sammer-antumn or malignant tertian^'' forcing the 
meaning of the word "tertian" to describe a febrile type 
altogether different from that to which custom has consecrated 
this name. We are unable to accept either the first or the 
second of these criticisms as just. The clinical differences 
between the two forms of tertian are as great and as manifest as 
the differences between the parasitical varieties that produce them : 
we repeat^ so remarkable are they that some of the ancient 
authors had .recognised these differences merely from clinical 
observation^ and had made them the basis of a division of tertian 
fevers. We have already quoted the words of Sydenham ; but 
the clearest and most exact description of the two clinical types 
of tertian fevers are to be found in the works of Celsus^ who after 
having spoken of the quartan says^ '^ Tertianarum vero duo 
genera sunt : alterum eodem modo quo quartana et incipiens 
et desinens ; illo tantum interposito discrimine^ quod unum diem 
prsBStat integrum^ tertio redit : alterum Umge pemiciosius quod 
tertio quidem die revertitur, ex octo autem et quadraginta horis 
fere sex et triginta per dcceaaiones occupat, interdum etiam vel 
minus vel plus ; neqv^ ex toto in remissiane desistit, sed tantum 
Issvivs est,'' &c. 

All will find in these words the clearest allusion to that type of 
fever termed by us '^ summer-autunm tertian." That fever is 
described almost in the very words used by us, but unfortunately 
at the time of the publication of our work we did not know of 
this passage in Celsus, in which is clearly acknowledged both the 
tertian type and the gravity {genus pemidositts) . With regard 
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to the qaestion of the name, we hope that those accordingn 
whose dictnm we cannot adopt the Dame of tertian for this type 
of feTer, beoaase claaeical nritere Dse the same word with a 
different meaning, will consider the classical anthority of Anlns 
Conielins Celsna as sofficient. 

Of nnknown and forgotten obserratioDs, as well as of those which 
more freqnentiy recnr in ancient writings, and which are so exact 
and keen as to rooee great wonder and satisfaction in those who 
are acquainted with the recent researches, there are found not a 
few round the history of malaria. Not only in the ancient, bat 
also in recent aathors we find opinions expressed which coincide 
as if by happy inspiration with the most recent discoveries. 
For instance, Rasori speaking of the intermittent fevers, during 
an interview with Agostino Bassi of Lodi, thus expresses himself : — 
" For many yean I have held the opinion that the intermittent 
fevers are produced by parasites which renew the paroxysm by 
the act of their reprodnction, which recurs more or less rapidly, 
according to the variety of the species.'" It is interesting to 
Qoto that the same idea of the probable relation of the febrile 
pftro^wn to the mnltiplicaticn of the parasites has also been 
rxpraasod by Tommasi-Cradeli. He, indeed, thought that the 
fvbrite paroxysm might coincide with the multiplication of the 
bacilli, which he believed to be the cause of malaria ; he held 
that the parasites had their seat in the spleen, and that in the act 
of th* production of the young generation, which leaving the 
spWa enter the blood, the febrile attack might arise, 

Rasori alluded also to the multiplicity of the species of the 
malwikl parasite, supposing that the intermittence more or less 
f|«iwdsd Bpon the vaiyiog duration of the cycle of development. 
* ' Piicurii nilla K*tan « Cura ddla PeHagra, £c..' UiJano, tip. Chinai, 
i9k<4i C^tatv da S. C«laMb«0CM\ ' Agoatino Bassi di Lodi il fondatore della 
1«.>n« {<ara<»ttarM * d«>lk cm paiMutKidci,' p. 70, Catania, 1893. 



PLATE I. 

Fig8. I— 14. The amosba of the quartan fever. (Figs, i — 9. Progressiye 
endoglobular deyelopment of the quartan amosba. Figs. 10, 11. Endo- 
globular forms of fission. Fig. 12. Free spores. Figs. 13, 14. Free pigmented 
forms in a degenerative condition.) 

Figs. 15—33. ^® amoeba of the tertian fever. (Figs. 15 — 24. Progressive 
endoglobular development of the tertian amosba. Figs. 25—27. Endo- 
globular forms of fission. Figs. 28 — 30. Free sporulating forms. Figs. 31 — ^33. 
Free pigmented forms in a degenerative condition.) 

Figs. 34 — ^55. The amoeba of the quotidian fever. (Figs. 34 — 50. Endo- 
globular development of the quotidian amoeba. Figs. 42 — ^48 and 49. 
Amoeba in brass-coloured, shrivelled red blood-corpuscles. Figs. 51 — 55. 
Endoglobular forms of segmentation.) 

N.B. — All the figures of this plate, as well as those of the following, are 
taken from fresh moist preparations. Only the Figs. 50 and 55 are drawn 
from a preparation of bone marrow in a case of malignant quotidian. The 
marrow was dried according to Ehrlich's method on a glass cover, and coloured 
with methylene blue. 
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PLATE n. 

Figs. 1—45. The amoeba of the sammer-antamn tertian fever. (Figs, i- 
Young non-pigmented amc&bsd. Figs. 10—32. Amasibm in course of develop- 
ment with pigment at the circumference. Figs. 33 — 42, AmoBbas ripe for 
multiplication, with the pigment collected at the centre. Figs. 43—45. 
Forms of spore production. In Figs. 8, 9, and 30 — 42 are represented the 
various changes in colouring and form of the invaded red blood-corpuscle.) 

Figs. 46 — 67. Various forms belonging to the group of crescent-shaped 
bodies. (Figs. 46 — 56. Endoglobular forms, spindle-shaped, ovoid, and 
round. Figs. 57—60. The same forms in a free state. Figs. 61, 62. 
Crescent-shaped bodies properly so called. Fig. 66, A free crescent-shaped 
form in process of forming vacuoles. Fig. 67. A form with flagella.) 

Figs. 68, 69. Accumulations of free spores around masses of pigment in 
the cerebral capillaries in a case of comatose malignant infection. 
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EXPLANATION OF THE CHARTS. 



CHART I. 

I. Snmmer-antamn quotidian. 

f. Irregular qnotidian. (See Case a in the text.) 

^ Irregular quotidian. (See Case i.) 

4. Irregular quotidian. (See Case 3.) 

5. Summer-autumn tertian. (See Case 4.) 

6. The same. (See Case 7.) 

7. A tertian attack followed by another which is modified by the action of 

quinine. (See Case 6.) 

CHART II. 

8. Summer-autumn tertian with remarkable pre-critical elevation. (See 

Case 5.) 

9. Summer-autumn tertian. (See Case 10.) 

10. The same : a prolonged attack. (See Case 14.) 

11. Summer-autumn tertian. (See Case 9.) 

12. The same : a subcontinued fever changed to an intermittent after treatment 

with quinine. (See Case 26.) 

13. The same : a subcontinued fever. (See Case 25.) 

14. Summer-autumn tertian with relapse. (See Case 8.) In Chart I the 

phrase ''quotidian or summer tertian" is sometimes adopted in place 
of *' quotidian or summer-autumn tertian." 



CHART in. 

15. Comatose malignant fever. (See Case 27.) 

16. The same. (See Case 22.) 

17. The same : quotidian attacks. (See Case 23.) 

18. The same : post-malarial fever. (See Case 28.) 

19. A summer and quartan mixed infection. (See Case 11.) 

2a A summer and spring tertian mixed infection. (See Case 12.) 

21. A spring tertian. 

22. A quotidian of quartan origin. 
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AbBBEYIATIOKS used IK THE ChABTS. 

PI. w.p, Plasmodia without pigment (young forms). 

Or. pi. Plasmodia with granules of pigment at the circumference (forms in 
course of development). 

Or. pi. hr. Plasmodia with gpranules of pigment in red blood-corpuscles which 
have become brassy. 

PL m., or simply m. Plasmodia with a small mass of pigment at the centre 
(forms ripe for multiplication). 

8por, Forms of sporulation. 

P^ 9* it f • Quartan plasmodia, the i, f , &c., in size of the red blood«corpuscle. 

PI. q. apor. Quartan plasmodia in sporulation. 

PI. tert. Spring tertian plasmodia. 

Semil. h. Semilunar bodies. 

P. w. gl. Pigmented white blood^oorpuscles. 

N.p.f. No parasites found. 

Q^. Quinine. 

In., or simply I. Hypodermic injection. 

P. 0. Per 08. 

The amount of the parasites found is marked underneath, or denoted in different 
ways in accordance with the relative quantity of the forms. Thus a black line 
indicates a moderate number of parasites, an interrupted (dotted) line a rather 
scanty amount. 
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PREFACE. 



In the following pages I have set forth the knowledge I have 
gained daring a stndy of the malarial parasites extending over 
several years. The material npon which my investigations were 
based consisted to a certain extent of the sporadic cases of fever 
which I had the means of observing in the clinic of my mnch- 
respected chief, Herr Hofrath Nothnagel, bat chiefly of severe 
forms of malaria which I had the opportnnity of stadying in the 
snmmer and antamn months of 1890, 1891, and 1892, in the fever 
districts of the Anstro-Hnngarian monarchy, Istria, Dalmatia, 
Croatia, and Slavonia. 

I have to sincerely thank fche College of Professors of the 
medical faculty in Vienna for stimulating me to undertake this 
study by awarding me a prize from the *^ Oppobser-Stiftung/' 
with the commission to take up the etiological stndy of malaria 
(which up till this time had be^n almost exclusively in the hands 
of French and Italian investigators) in the fever districts of our 
monarchy. It is to me a pleasing duty to express to the College 
of Professors my respectful thanks. 

I also thank the Imperial and Boyal Ministry for the Interior 
for their favorable support, they having instructed the respective 
officials in different places to aid my work. 

Lastly, I recall with the warmest thanks the friendly help which 
has been shown me everywhere by numerous colleagues. 

The discovery of the malarial parasite has revolutionised the 
whole of our conception of the malarial process in all directions and 
given rise to new ideas, so that I have ie\% it desirable to submit 
the etiology of malaria in monograph form. In doing this my idea 
was on the one hand to offer aid to the general practitioner by 
enabling him to make use of the results of the new discovery in 
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the sphere of his work^ and on the other hand, to sahmit to 
specialists those particnlar facts which have resnlted from my 
investigations. I have endeavonred to set forth in a strioily 
objective manner the historical development of the subject. 

I hope that my work may contribute in some measure to saeouae, 
if possible, a still deeper interest in Laveran's important dis- 
covery. 

In condosion, I have to warmly thank my publisher for the 
highly satisfactory way in which he has produced my book. 

THE AUTHOR 

y IBVVA ; 

April, 1893. 



TRAN8LATOB*8 PREFACE. 

Fiw words are needed to introduce Dr. Julius Mannaberg^s 
work. It has taken a high place upon the Continent, and it 
may with confidence be asserted that it adds considerably to 
our knowledge of the malarial parasites. The Author has not 
only given with great acumen the results obtained by other 
observers^ but he has clearly defined those obtained by himself 
after much experience and painstaking observation. 

The book forms an admirable supplement to Professor 
Laveran's ' Paladism/ a translation of which has been recently 
published by the New Sydenham Society. 

I have endeavoured to reproduce accarately the Author's 
views^ and have avoided as far as possible a slavishly literal 
translation. 

R. W. F. 



EdINBUBOH ; 

March i^thy 18^. 
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HISTORICAL INTRODUCTION. 



The discovery of the malarial parasite was made on the 6th of 
November, 1880, by the French military snrgeon A. Laveran, 
professor at the Val de 6r&ce Medical School. This investigator 
"was at that time in active service at Constantino, a military 
station in Algiers, where malaria is exceedingly rife. Using the 
opportunity, he undertook the task of making a new revision of 
the pathological anatomy of malaria. He began this work by in- 
vestigating, in the first place, the formation of pigment in the 
organism. A thought, as logical as it was happy, led him to 
observe the pigment in the blood obtained from patients, in order 
by this means to augment the results already obtained from post- 
mortem material. Although before him many other investigators 
had examined the blood of malarious patients microscopically, and 
had recognised certain pigmented bodies in it as being pigment- 
carrying leucocytes of the malarial blood, it was Laveran who first 
conjectured the parasitic nature of these bodies and who tho- 
roughly convinced himself of the correctness of his conjecture by 
long-continued observations. This new conception of a well-known 
condition, which numerous observers since Heinrich Meckel had 
passed by without appreciating its importance, contributed so much 
the more to Laveran's fame because his discovery came at a time 
when the Klebs-Tommasi-Crudeli's bacilltis matarim appeared to 
have cleared up the etiology of malaria, and to have met with very 
. general acceptance. 

As I have often met with many misleading remarks in Grerman, 
French, and Roman authors in this connection, I take the 
opportunity here of referring to previous statements made con- 
cerning the pigment in blood. 

Heinrich Meckel [ i ] , in 1 847, was the first to find and to describe 
pigment in the blood and in the organs of the dead body of an 
insane patient. The results of the post-mortem (slate-coloured 
staining of the grey substance of the brain, very large spleen, 
enlarged liver, oedema) permitted no doubt that the patient had 

16 
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suffered from malaria, althoagh in the history given, pro- 
bably on account of faalty observation (for the insane patient 
had been for many years in an asylum) there is no reference 
to the subject. I do not think it superflnoas to give a quota- 
tion from MeckeFs original report, because it shows that this dis- 
tinguished observer recognised clearly the difference between 
lymph cells and pigment cells. On page 205 [i]^ he says: 
^' This blood (from the heart), as well as that obtained from all 
parts of the body, either lying in the capillaries or squeezed 
out of the vessels, contains black pigment. . . . Invariably a more 
or less great number of bUick, irregular granules were united by a 
colourless substance to a globular, egg-shaped or fusiform body ; the 
size of these bodies amounted to '002 to '007 of a Une. In them no 
other structures could be made out but a transparent connective tissue 
with I, 2, 4, and more pigment granules. Even in the larger bodies 
no particles except pigment granules could^ a^ a rule, be seen. But 
in several bodies one noticed between the pigment granules a 
clear, roundish space left free, so that one was obliged to ima>gine 
that the nucleus lay there, although not clearly recognised. In 
rare cases single complete pigment cells could be seen in which there 
was a distinct wucleus. A distinct cell msmbrane was not disiin- 
guishable, and the granules never had molecular movement. The bodies 
were most numerous in the vessels of the grey matter of the brain.'* 
Meckel reported quite independently during the subsequent 
progress of his work with regard to the behaviour of the lymph- 
cells, so that no doubt can be entertained that he differentiated 
clearly between the pigment cells, the malarial parasites of to-day, 
and the leucocytes. Almost simultaneously with Meckel, Dlauhy in 
Prague observed pigment in the organs of the body of a person who 
had died suddenly with '^ typhus-like symptoms/^ Virchow was 
present at the post-mortem examination of this body, and reported 
its results in a letter to Meckel. Virchow [2] had later in Berlin 
the opportunity of personally making a post-mortem on the body 
of a patient who had died from fever, and he confirmed the 
occurrence of pigment cells in the blood. Illustrations of these 
cells are to be found in the different editions of his Cellular Patho- 

^gy [3]- 

At this time also attention was directed in Vienna to the pig- 
ment in the bodies of persons who had died from malaria. Heschl 
[4, 5], at Bokintansky's suggestion, made a series of observations in 
this connection. Lastly, Planer's [6] work must be mentioned 

^ The numbers in brackets refer to the bibliography at the end of the 
book. 
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bere^ in which also the hyaline^ non-nucleated, pigmented bodies 
were distinguished from the lymph-cells, and for the first time 
the possibility was considered of the pigment being farmed, not, as 
Meckel and Virchow considered, in the spleen, but in the circulating 
blood. Planer also appears to have been the first who began the 
practice of examining the blood of patients and saw the pigmented 
bodies in fresh blood. Later investigators have added nothing 
to our knowledge of the '' pigment cells/' so that we now return 
to Laveran, who has at one stroke placed in a new light the import- 
ance of these bodies. 

Laveran found his opinion confirmed that these hyaline pig- 
mented bodies in the blood of malarial patients were parasites 
when, on the 6th of November, 1888, as he was occupied in 
examining the blood from one such body several long flagella 
suddenly made their appearance, and thereupon commenced 
lively lashing movements in the blood. At first, on account of 
these flagella, he held these bodies to be forms belonging to the 
genus Oscillaria, and suggested, therefore, the name of Oscillaria 
malarise for them. It soon, however, became evident that they 
must be placed in the species of the Protozoa, about which more 
details will be given later on. Laveran published his observations 
in a short note to the Academic de Medecine in Paris (at a meeting 
on the 23rd of November, 1880) [7] ; soon after (at a meeting on 
the 28th of December) he published a second note [8] to the same 
Society giving the points in which the bodies found by him were 
differentiated from melaniferous leucocytes. 

Just a year later (1881) he published a small monograph with 
illustrations [9], and at the same time reported to the Acadimie 
des Sciences in Paris on the most important points in his results. 
As we shall subsequently often have to refer to the contents of 
this, Laveran's first publication, I think it will be convenient to 
quote several sentences from it, and I give the text of his com- 
munication to the Academic des Sciences on the 24th of October, 
188 1 [10] . Laveran writes, ^^ There exist in the blood of patients 
suffering from malaria certain parasitic elements which present 
themselves under the following aspects : 

'^ I. Cylindrical elements fringed at their extremity, and almost 
always curved in the form of a crescent. The length of these 
bodies is '008 mm. to '009 mm. ; their average breadth '003 mm. 
Their margin is indicated by a very fine line. The body is 
transparent and colourless, save at its middle, where there is a 
darkish spot formed by pigment granules of a very dark red 
colour. 
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" One often observes on the concave side a very fine line, whid 
seems to cause the ends of the crescent to stand out in i 
These elements do not appear to be capable of movement. 
are occasionally oval in form, and when the oval is hot alightlM 
elongated, and the granules of pigment are arranged in a circla 
the bodies closely resemble the following r 

" 2- Transparent spherical eli'ments of the average diameter of a 
red blood -corpuscle, containing pigment granules, which in a state 
of rest are often arranged in n tolerably regular circle, while in 
motion these granules are briskly shaken and their arrangement 
thns becomes irregular. Further, one often observes at the 
margin of the transparent spheres very fine flagella which seem 
to be inserted in it, and which are animated Viy the most rapid 
movement in every direction. The length of these mobile 
flagella may be stated at three or four times the diameter of a 
red blood-corpuscle. I have often counted three or four around 
the same spherical body, to which they communicated an oscilla- 
tory motion, while at the same time they displaced the neigh- 
bouring red blood-corpuscles in every direction. The free 
extremity of the flagellum is slightly swollen. While at rest 
these flagella are invisible from their fineness and complete 
transparency. These mobile flagella finally detach themselves 
from the spherical pigmented bodies ; after this separation they 
continue to move and pass freely among the red blood-corpascles. 
" 3. Eleinents of a spherical or irregular form, transparent or 
finely granular, having a diameter of "ooS mm. to '010 mm., con- 
taining rounded pigment grannies of a fiery red colour, which are 
sometimes arranged fairly regularly at the periphery, at other 
times connected either at the centre or at some peripheral 
point. These bodies are motionless, as are also the pigment 
granules they contain. 

" If one observe a transparent spherical body containing mobile 
pigment granules and furnished with moving flagella till the 
time that the movement ceases, one may see it take the 
appearance above described, whence one may conclude that these 
elements only represent, as it were, the cadaveric form of the 
preceding ones. These elements have no nucleus, and are with 
great difficulty stained with carmine, which seems to distinguish 
them from the melaniforous leucocytes, with which they have up 
to this time been confounded. 

"4. Spherical transparent elements containing pigment graunles, 
either moving or motionless, like those described above, but of a 
diameter much less than that of these bodies. The smallest of 
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a eiements are barely a sixth of the diameter of a red blood- 
corpuscJe, and only contain one or two pigment grannies, while 
the largest approach the diameter of a red corpuscle. These 
bodies, sometimes single, gometimea joined together to the nnmber 
of four, at times free in the blood, at others attached to the red 
corpuscles or the leucocytes, only appear to repreaent a certain 
phase in the development of the parasitic elements above described. 

" The living character of these spherical bodies containing 
pigment granules is indisputable. I suppose it is a question o£ 
an organism which exists in the state of agglomeration, of encyst- 
meot, and which in its perfect state becomes free and in the form 
of moving flagella. Among the Protista there are numerous 
examples of these different states of the same organism. 

" In addition to the elements described above there are often 
seen in the blood of patients suffering from malarial fever — (i) 
Red corpuscles which appear vacuolated at one or more points, 
and which contain pigment granules. (2) Melaniferous leuco- 
cytes. {3) Pigment granules of various sizes free in the blood ; 
these pigment granules are probably derived from the destruction 
of the parasites ; they are taken up by the leucocytes, as happens 
to alt granular matter entering the blood. 

"It is now a year since I discovered the parasitic elements 
above described in the blood o£ patients suffering from malarial 
fever. Since then I have collected observations of 192 patients 
suffering from different forms of malaria, intermittent or remittent 
fever, pernicious complications and malarial cachexia. I have 
ascertained the existence of the parasitic elements in 14S of these 
patients." 

At the conclusion of this communication Laveran develops the 
idea that the parasites are killed by quinine, and that in this way 
the specific action of this drug is to be explained. 

We shall subsequently see that, even in this early publication, 
Laveran refers to all the forms of the malarial parasite which had 
hitherto become known, except the completely unpigmented 
forms, which, however, he comes very near to, when he mentions 
the frequent occurrence of the very smallest bodies containing 
very little pigment (one granule). This accuracy of the observer 
is all the more remarkable because Laveran worked with a 
relatively small maguifj-ing power (400 to 500 diameters). It 
must, however, be admitted that the importance of these resnltH 
were later subject to vanous alterations through the work of 
Laveran himself, as well as of that of other mvestigators. 

i missing, perfectly unpigmented, stages were almost immO' 
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the larger bodies ; farther, that the pigmented bodies in all prob- 
ability indicate retrograde metamorphosis of the red blood-cor- 
poscleSj and that this peculiar degeneration is combined with the 
transformation of hsdmoglobin into melanin. This opinion was still 
held bj both authors in 1884 [i7]i in which year Layeran [18] 
thoroughly discussed the malarial parasites in his ^^ Traite des 
fievrea paluatres^' and illustrated them with numerous figures, 
availing himself of the material obtained from the microscopical 
investigation of 432 cases. About this time Marchiafava and 
Celli published in the '* Archdves Italiermea de Biologie " a paper 
with the title " Les alterations des globules rouges dans Tinfection 
par malaria et le gendse de la m^Ianemie/' in which once more 
the pigmented and unpigmented minute body (Korperchen), 
stained by methylene blue, was described. On page 166 the 
authors write, ^'Maintenant, quelle est la nature de cette alteration 
des globules rouges ? II est hors de doute que cette alteration 
doit etre regardSe comme de nature regressive, ou, plutdt, elle pent 
etre d^finie avec Tommasi-Crudeli comme une necrobiose du globule 
rouge, dans laquelle s^opere la tra/nsformation de Vhimoglohme en 
meUmine^ et par laquelle il ne reste du globule qu'un cad&vre 
circulant.^' The authors do not specify the causes of this 
'^ degeneration,'* but they appear to consider it due to the points 
which are held to be cocci. Laveran's ^' filaments mobiles '^ were 
considered by them as similar to Schultze's, which were the pro- 
ducts of decomposition of the red blood-corpuscles dae to the 
action of heat, the same artificial products which had three 
years earlier been held by Marchiafava and Guboni to be bacilli. 

This opinion of Marchiafava and Celli found strong support in 
Tommasi-Crudeli, who could not give up the idea of the '^ bacillus 
malaria/* and it was he who, at the International Medical Con- 
gress at Copenhagen in 1884, both in his own name as also in that 
of both the Italian authors, gave expression to the term " degene- 
ration-hypothesis.'' 

In 1885, Marchiafava and Celli suddenly changed their opinion 
in regard to these matters, for in the communications which now 
appeared from both authors the bodies which only a short time 
ago they had considered to be degeneration products of the red 
blood-corpuscles were now suddenly called parasites. The reason 
for this change of front was due to observations made upon fresh 
blood in which the small unpigmented bodies were seen to possess 
lively amoeboid movements. As is clearly expressed in Laveran's 
former publications, he had from the first recognised and described 

^ The italics are not in the original.— Author. 
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this movement, at least in tlie pigmented forms. Marchiaiavft 
and Celli arrived at the true appreciation of the malarial parasite 
by this roundabout route because they at first only examined 
stained preparations of blood, which they also described, and from 
which it was perfectly impossible for them to see that the bodies 
which they held for degeneration products were moving, living 
organisms. It was first in 1S85, after they had become aware 
of the mobile and heterogenous appearances of movement in 
fresh blood, that they came upon the fact of the true nature of the 
malarial parasite, long previously discovered by Laveran, and 
from this time the investigations of both authors advanced the 
knowledge of this organism. 

It was henceforward to the credit of both observers that they 
assumed the method of reproduction of the malarial parasite to be 
in the segmental bodies, and thas the developmental cycle was for 
the first time sketched. It was they, too, who later on produced 
valuable information concerning the diagnostic and pathological 
importance of the unpigmented varieties. Also the name " Plas- 
modium tnalarix " — which, if not very happily choaeD, is the 
one at present most usually employed for the malarial parasite 
— must be ascribed to Marchiafava and Celli [19, 20]. They 
suggested it originally for the unpigmented bodies, the discovery 
of which they still ascribed to themselves, notwithstanding all the 
claims which Laveran has made to its previous discovery.' 

From 1 885, more and more numerous confirmations of Laveran's 
discovery, which had been at first so dubiously received, came in 
from the most various malarial districts of the globe. By far the 
greater part of these reports brought little that was new, bnt only 
aerved to confirm the facts already discovered by Laveran. They 
were valuable, however, in that they stimulated the study of the 
malarial parasite, and increased the importance of his discovery for 
diagnostic purposes. The most noteworthy of these writers were 
Sternberg [21], Councilman [22], Osier [23], Maurel [24], James 
[25], SacharoH [26], Paltauf [27], Plehn [28], Qnincke [29], v. 
Jaksch [30], and Chenzinsky [31]. Together with these authors, 
who proved the general and exclusive occurrence of Laveran's 
hfematozoon in malaria, numerous other investigators occupied 
themselves with the elucidation of the many paints of view which 
the question of malaria had assumed in the light of the new dis- 
covery. It was E, MetschnikofE [32] , in the zoological department, 

' I avoid entering into details on this so frequently repeated and tedioos 
dispute, and refer the reader who is interested in the same to the biblio- 
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who first soaght to classify the blood parasite. He classed 
it with the Goccidia near to the Klosaia aoror, and sug- 
gested for it the name of Hsematophyllum malarise. This 
has^ however, up to the present, not obtained general usage. 
MetschnikofF also discussed the relation of the '^Hsdmatophyllum'' 
to the Phagocytes^ but this is referred to in Chapter IX. 

From the clinical point of view, we have to thank C. Golgi 
[33 — 37] for very valuable observations to which we shall sabse- 
quently pay special attention. It was Golgi who endeavoured to 
establish the relation between the symptoms of fever and the 
various stages of development of the hadmatozoon, on the one 
hand^ and between the types of fever and the form of the parasite 
on the other. He has ingeniously brought into clear and natural 
relation the confusing number of varieties which other observers, 
without respect to biological and clinical value^ had brought to 
light. Following his track, especially in the methods adopted 
with reference to the quartan and tertian fevers, Marchiafava and 
Celli [38], P. Canalis [39], and others sought to bring Golgi's 
rules also to bear upon the pernicious summer and autumn 
fevers. 

Grolgi^s investigations farther broaght up the question as to the 
unity or multiplicity of the malarial virus ; whereas the majority 
of the Italian observers took the view that different types of 
fever required different haBmatozoa, Lave ran took the side of 
the unitarians, who believe that the many forms at present 
known are varieties of a very polymorphous but single organism. 
Notwithstanding the numerous weighty confirmations of the 
parasitic nature of malaria and of the pathogenic importance of 
"Laveran's bodies^' (in the widest sense), there were still to be 
found some observers who tried to uphold the idea that these 
bodies were degeneration products and who supported this idea 
by fresh proofs. Among the representatives of the degeneration- 
hypothesis, we mention Tommasi-Grudeli [40]^ with whom are 
associated Maragliano [41] and Mosso [42 — 44] ; in Germany also 
several opposing voices were heard. The objections raised by 
these observers were, on the one hand, disproved by experi- 
ment, as by Golgi [36] and his pupils Gattaneo and Monti [45] ; 
on the other hand, by the accurate study of the structure of the 
hadmatozoon, they were disposed of once for all. The first 
thorough investigations into the nature of the structure of the 
hsBmatozoon were made by Celli and Guamieri [46], and were 
followed soon after by Grassi and Feletti [47 J, who studied the 
quartan parasite and published the first accurate histological 
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investigation of the relation of tbe nuclear chromatin, the forma- 
tion of epores, &c. In like manner the tertian parasite was next 
studied bj Romanowsky [48] and myself [49]. 

Up to the present very little knowledge has been obtained from 
the pathological and anatomical point of view, but A. Bignami's 
[50] work deserves notice, for he has published valuable informa- 
tion respecting the distribution of the parasites throughout the 
general vascular system and concerning phagocytism, &c. 

Although in the present study the intention is followed of 
discussing only the malarial parasite in man, still certain obser- 
vations from the pathology of the animal world, which to some 
extent ran parallel, cannot altogether be ignored, the less so 
because the extended development of our knowledge of the blood 
parasites in man requires a comparative, and possibly also an 
experimental, basis in the like blood parasitical conditions of 
animals. Hsamatozoa have formerly been often described in 
animals, especially in cold-tlooded animals, by Gruby [51], 
E. Ray Lankester [52], Osier [53], Lewis [54], &c., but we are 
interested chiefly in Gaule's [^55 — 57] examination of the " little 
worm " in frog's blood, a discovery which was made a short time 
after Laveran's, and which was immediately followed by Daniel- 
eweky's [74 — 77] numerous new discoveries in the blood of 
lizards, tortoises, and various birds ; it is especially the hsematozoa 
of birds from swampy districts which very closely resemble tht 
malarial parasites, and give promise of being of much value in the 
elucidation of the same. It is, therefore, comprehensible that 
investigators of malaria, as Celli and San Felice [78], have 
devoted themselves to the study of this blood parasite in birds, 
and, on the other hand, that zoologists also pay attention to the 
malarial parasites in man. 

The advantages to the therapeutics of malaria which have 
accrued from Laveran's discovery are also not to be despised, 
firstly, ou account of the fact that the action of quinine can be 
defined with more precision than it has yet been possible to do with 
almost any other remedy or in any other internal disease j 
secondly, because it has now become possible to control exactly 
the result of our therapeutic measures, by examining the blood 
at short intervals during the administration of quinine, and by 
deducing therefrom the most favorable conditions for their 
success, as has recently been done by Golgi. The investiga- 
tions which refer to the first point were already made by 
Laveran ou the living subject, whereas later, by myself, and 
further by Romanowsky, by tueans of more accurate histological 
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methods^ the destraction of the parasites by the administration 
of quinine has been proved. 

The questions^ therefore, which 0. Binz [79], by a sort of 
presentiment^ asked himself in 1867^ at the time of his investiga- 
tions concerning the action of qninine upon Infusoria, have at 
last been answered, namely, as to the nature of malaria, and as 
to the cause of the specific action of quinine. 



METHODS OF INVESTIGATION. 

Fob the investigatioD of the UDstained malarial parasites, the 
geaer&l ralea for the microscopic examiDation of blood are fol- 
lowed. The preparation of stained specimenSj on the other hand, 
is carried out by a method epecially suited to the hsematozoon. 

In order to examine freab blood for malarial parasites, slides 
and cover-glasses are carefully cleaned with water and alcohol, 
and then perfectly dried. The blood is obtained from the tip of 
the finger or from the edge of the lobe of the ear (which has been 
previously cleansed with soap and brush), by pricking it with a 
needle, or, better still, with a small lancet. If the drop of blood 
so obtained is too large, it is gently mopped up with a linen 
pledget, and then the part is carefully, but as rapidly as possible, 
pressed, so that a very small drop of blood exudes. This is 
immediately caught upon the cover-slip, which is held by a pair 
of forceps, and placed upon the top of the drop of blood ; after 
being thus charged, the cover-slip is placed upon the slide, and the 
drop of blood rapidly spreads itself out between the two glasses, 
I do not think it is advisable to aid its spread by either pressure 
or any other method, because I have often found that the blood- 
corpuscles undergo a change of form if any such mechanical 
interference is made. It hardly need be said that it is advisable 
on each occasion to make several specimens, so that if one is 
unsuccessful, others will be ready, bnt before a second or third is 
prepared one must not neglect to wash away the remainder of the 
blood from the finger, and to press out a fresh little drop for the 
next preparation. The necessary size of the drop is soon learnt 
by experience ; beginners usually take too large a drop. It is 
especially necessary for the investigation of malarial parasites to 
have the least possible quantity of blood under the microscope, 
because in larger quantities the formation of rouleaux interferes 
with, or even renders impossible, the investigation. 

Apart from the ordinary microscope slides, I have often used 
the one recommended by Hayem [So], which has in the centre a 
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circalar disc sorrounded by a hollowed groove ; the level of the 
disc is not sunk. This arrangement serves the purpose of pre- 
venting rapid evaporation of the bloody so that a longer observa- 
tion is rendered possible. Although these slides are very 
advisable, they are not absolutely necessary. For the micro- 
scopical examination a good immersion lens is of great use and 
really indispensable when it is necessary to distinctly appreciate 
the structure of the hadmatozoon^ although it is possible to see 
the various forms with a good dry lens (magnifying to 400 — 500 
diameters), that is to say^ if one has already some experience and 
knowledge of the subject. As is known, Laveran made his 
discoveries without a very high power, and even noticed the 
smallest parasitic forms. 

The careful survey of the specimen under the microscope 
requires at times great patience ; in severe cases of malaria it 
not infrequently happens that a whole number of parasites is 
seen in each microscopic field, so that the inveistigation is imme- 
diately successful, but in mild cases, especially the sporadic, as for 
instance those which occur in Vienna, it is often necessary to 
search through the whole of the specimens before a single para- 
site is found. Besides this, the stage of the fever in which the 
investigation is made has considerable influence, and for this 
reason it is customary to attempt to prove the presence of the 
parasites in the peripheral blood when they are most numerous, 
namely, from a few hours before the commencement of the attack 
until it has reached its height. 

We now turn to the preparation of dried specimens ; these 
serve for the preservation of the malarial parasites and for the 
more accurate study of their structure, but they can also, under 
certain circumstances, render considerable diagnostic aid. 

The dry cover-slip specimens are obtained either by placing a 
cover-glass, upon which a drop of blood has been received, upon 
another, and then rapidly drawing the cover-slips apart, or by 
drawing the edge of a cover-slip transversely over the drop of 
blood upon the tip of the finger, whereby the edge receives a 
small rim of blood, and then drawing this cover-slip, held at an 
angle, over a second and third cover-slip. In both these ways — 
practice and rapidity taken for granted— equally good specimens 
are obtained. Here, again, it is necessary to manipulate with 
small drops of blood, because the film of blood should be so thin 
that the several blood-corpuscles should lie side by side of each 
other, so that each individual one presents its surface to the 
observer. It is very advisable during the preparation of the dry 
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Specimens to take hold of the cover-slipB with proper forceps, 
such as those first employed by Ehrlich for thia purpose ; these 
forceps, after sufficient practice, prove of advantage in many 
ways; nevertheless, serviceable specimens maybe prepared with- 
out them. The cover-slips, protected from the dust, are dried in 
the air, and their further treatment depends upon the object in 
view. 

The malarial parasites can be fixed and stained in various ways. 

Laveran mixed upon the slide a drop of blood with a drop of 
a solution of osmic acid i in 300, applied the cover-slip, and then 
permitted glycerine, in which picro-carmine was dissolved, to 
flow through. By this method the parasitic elements were 
stained a pale rose colour, whereas the nucleus of the leucocytes 
took on a thorough red colour. In certain bodies, of which we 
shall speak later, a double contour further appeared. 

Marchiafava and Colli stained the products of degeneration, 
which they at tirst held to be parasites, with methylene blue and 
other aniline colours, bnt did not obtain any satisfactory results, 
on which account Celli and Guarnieri (loc. cit.) attempted to 
stain the living parasites by taking a drop of acetic fluid in 
which methylene blue was dissolved, placing it upon the finger- 
tip, and making the prick through the stain, by which method the 
unaltered blood came immediately in contact with the stain. 
This mixture was then placed between the microscope slide and 
the cover-slip, and the process of staining of the hiematozoon was 
examined microscopically, either at once or after the preparation 
had been laid for a few hours in a moist chamber, and the 
staining completed. 

The results of this method, as will be explained later on, are 
rather faulty ; also the method of staining is inconvenient and 
produces no permanent preparations. 

In order to obtain the latter, various modifications of Ehrlich'a 
method of staining blood are appropriate, as specified by Sacharoff, 
Chenzinsky, Plehu, Romanowsky, and others, and also staining 
with hiematoxyliu, after fixing with picric acid, which I first 
brought into use for bringing out the fine details of atrnctnre. 

For the common staining of dry preparations methylene blue 
and eosin are most useful. The cover-slip, with the dried film, 
is placed in a mixture of equal parts of absolute alcohol and 
ether for half an hour. It is then, after drying between 
blotting-paper, floated upon a half-saturated watery solution of 
methylene blue for half an hour, then washed with water, dried 
upon blotting-paper once more, and then stained with a 2 per 
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cent, solution of eosin in 60 per cent, of alcohol for another half 
honr^ washed in water^ well dried, and then mounted in xylo- 
Ganada-balsam. With this method the leucocytes and the 
hsBmatozoa are stained blue, whereas the red blood-corpuscles 
and the eosinphile granules take on a red colour. It is possible 
to use both these stains at one time if the two solutions are 
mixed in equal parts. The formula for such a mixture 
would be — 

Saturated watery solution of methylene bine . . 40 

2 per cent, solution of eosin in 60 per cent, alcohol . 80 
Water . .40 

Plehn recommends the following solution : 

Saturated watery solution of methylene blue . 60 

i per cent, solution of eosin in 75 per cent, of alcohol . 20 

Distilled water .40 

Add twelve drops of a 20 per cent, liquor potasssB. 

These mixtures should produce well-stained preparations in 
from five to six minutes. 

The above-mentioned stains work rapidly and are useful for 
the general demonstration of the haamatozoa. If, however, an 
intense stain is needed, or if one wishes to clear up the details of 
structure, more complicated or at least longer lasting methods of 
staining must be employed. 

Malachowski [58] recommends Sahli's solution of borax methy- 
lene blue, which is prepared in the following manner : 

Saturated watery solution of methylene blue . . 24 

5 per cent, solution of borax .16 

Water . . .40 

To be filtered after standing for twenty-six hours. 

Preparations, after having been fixed in absolute alcohol for 
several minutes, are placed for twenty-four hours in Sahli's 
solution and then washed in water. 

Malachowski also recommends the addition of a few grains of 
eosin to the solution of methylene blue, in order in this way to 
obtain a double stain. 

According to my own experience, I can strongly recommend 
Malachowski^s method of staining. It gives relatively quick 
images in which the nucleoli are generally well stained. 

Bomanowsky (loc. cit.) heats the dried preparation for thirty 
minutes at 105^ to iio^ C, and then lets them float for two or 
three hours in a stain consisting of — 

Saturated watery solution of methylene blue i 

I per cent, watery solution of eosin . . .2 
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then washes in water^ or^ if over stained^ first in alcohol. The 
mixture is always made just before use. The two solutions used 
for this purpose can be kept for a long time^ and indeed the 
solution of methylene blue stains best when the formation of 
mould is noticed upon its surface. The solution is filtered before 
use. When the two stains are mixed a heavy precipitate occurs ; 
the solution^ however^ must not be filtered^ but used together 
with the precipitate. 

Bomanowsky assumes that in his mixture a third neutral 
colour develops^ to which the nuclear network of the h»matozoon 
shows the greatest affinity. With this method the protoplasm of 
the malarial parasite is stained blue (Prussian blue)^ the nuclear 
cromatin (nucleolus) carmine violet ; the results are often very 
beautiful ; still thick precipitates often occur^ and the formation 
of the neutral violet is not infrequently missings in which case 
the nuclear chromatin is also stained blue like the protoplasm. 

I have [49] suggested staining the parasites with hematoxylin 
after fixing them with picric acid. This method I employ at the 
present time with slight modifications in the following way : 

The dry preparation is first floated for about five minutes upon 
distilled water^ then dried between blotting paper^ and then 
drawn several times through a very weak solution of acetic acid 
(one drop of acetic acid to 20 cm. distilled water) until it has 
completely given up its hsBmoglobin. Thereafter the prepara- 
tion, which is now almost completely colourless, is placed for two 
hours upon the following fixing solution : 

Saturated watery solution of picric acid . . 30 

Distilled water . . '30 

Glacial acetic acid . . .1 

from which it is transferred to absolute alcohol for another two 
hours. 

Thereafter follows the staining during twelve to twenty-four 
hours in alum haematoxylin.^ Lastly, differentiate (clear up) by 
means of acid alcohol (75 per cent, alcohol with 0*25 per cent, of 
hydrochloric acid added) and ammonia alcohol (three drops of 
ammonia to 10 c.c. alcohol, 75 per cent.), then wash in 80 per cent, 
alcohol and mount in xylo-Canada balsam. The washing of the 
preparation with water and acetic acid removes the albumen, which 
is apt to give rise to troublesome precipitates in the following 

* I used a fairly old solution of 10 grammes of crystallised hsematoxylin in 
100 grammes of absolute alcohol. Just before use one part of this solution is 
mixed with two parts of a half per cent, solution of ammonia alum. 
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treatment by picric acid. Specimens prepared in the method 
which has been described show the parasites^ as also the leuco- 
cytes^ coloured blue ; the red blood-corpuscles remain perfectly 
colourless. In successful preparations the details of the structure 
of the parasites are very clearly shown (see Plate III). 

For staining blood parasites in tissues^ Bignami Amico [50] 
gives the following directions : 

Fix the finely cut sections of tissue in a i per cent, watery solu- 
tion of corrosive sublimate with 0*75 per cent. NaCl and 0*5 to i 
per cent, acetic acid. 

The sections remain in this solution from half an hour to several 
hours ; they are then hardened^ first in iodised alcohol^ lastly in 
absolute alcohol. 

Staining follows in saturated watery or alcoholic solutions of 
safranin^ methylene blue^ vesuvin^ or magenta-red for five minutes^ 
subsequently washing in alcohol. 

Apart from the staining methods^ there are further various 
attempts suggested with the object of retaining the hsdmatozoa 
alive as long as possible^ in order to observe any possible 
developmental appearances or modes of reproduction. 

To attain this object it is necessary to prevent the coagulation 
of the -blood, to avoid evaporation^ and to keep the specimen at a 
constant temperature. To prevent coagulation^ Plehn [28] recom- 
mends the adoption of Freund's [59] method. The tip of the 
finger, from which the blood is to be taken, is well smeared with 
vaseline, and then an ordinary microscope slide must be used, which 
by means of a flat ring of a spirit varnish has been converted into a 
hollow slide ; a drop of fluid paraffin should also be placed upon the 
cover-slip, so that the blood is prevented from touching any sub- 
stance which would favour coagulation. Plehn states that with such 
precautions the blood-corpuscles retain for two or three days their 
normal shape and their elasticity. To prevent evaporation, Hayem's 
slides (cellule a rigole), already mentioned, are used, or the edge 
of the cover-slip is ringed with paraffin ; the hollow microscope 
slide, into which a small drop of water has been placed, is also 
useful for this purpose. 

I often use with considerable success a hollow microscope slide 
which is at one and the same time a moist and oxygen chamber. 
It consists of a rather thick glass, having in the middle a deep 
depression, as is the case in the ordinary hollow slides. Into this 
depression two grooves are ground, into each of which a thin 
ebonite tube is cemented, projecting about 3 or 4 cm. beyond 
the end of the slide. The cementing must be very accurate, 
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remarks may follow on others which are difficult to carry oat and 
therefore seldom practised. To these belong transmission of the 
parasites to healthy human beings and animals^ and lastly the ex- 
traction of blood from the spleen. 

Since 1884, when Gerhardt [60] proved the possibility of inocu- 
lating healthy individuals with malaria by the subcutaneous injec- 
tion of malarial bloody such experiments have not infrequently 
been repeated^ especially by Italians. The object of such 
procedure is to ascertain whether the inoculated individuals 
suffer from the same type of fever from which the patient suffered 
from whom the blood was taken, or whether such is not the case. 
The experiments have further the object of answering the ques- 
tion as to the unity or plurality of the malarial virus. Up 
to the present time these experiments have led to no completely 
identical results, from which it is apparent that the different experi- 
menters defend from different standpoints this question of unity 
or plurality. The reasons for this diversity in the results obtained 
from investigations of the blood will be discussed further on, and 
an attempt will be made to show that the differences of opinion 
are reconcilable. 

The inoculations are always made with fresh blood, because the 
hsematozoa are so exceedingly sensitive and any addition to the 
blood would be injurious to or even fatal to their vitality. Ino- 
culations may be either subcutaneous or intra-venous, the latter 
plan being preferred by Italian investigators. Accidents have 
not yet been reported. 

Marchiafava and Celli felt compelled to employ intravenous in- 
jections owing to the frequent non-success of the subcutaneous 
method. They operate as follows : ^ to 1 cubic cm. of blood is aspi- 
rated by means of a sterilised Pravaz syringe from a vein in the arm 
of the patient, and with the same syringe it is immediately injected 
into the vein of the subject inoculated. The veins are not exposed, 
the whole operation taking place through the skin. It is obvious 
that the strictest antiseptic precautions are employed during the 
operation. 

Inoculations upon animals have been as numerous as have been 
the cultivation experiments, and like them with negative results, 
although animals of every species, both cold-blooded and warm- 
blooded, have been employed, so that at the present time it can be 
stated with the greatest probability that the hssmatozoa of man 
cannot he transferred to animals. The same thing happens with 
regard to the blood parasites of animals ; they cannot be trans- 
ferred from one species to another ; even the few records of 
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tnuisferenoe between animalw of tlie same kind and speoiet are 
open to donbt. 

Ims&j, with reference to drawing blood from the wpJsoh. It is 
obtained by means of a sterilised Prayai STringe, witb the object 
of obtaining some information as to tbe distribution of the bssma- 
tofloa in tbe living organism. As a matter of &ct, certain forms 
which are scantily fonnd in the blood of the periphery are found 
in greater number in the blood taken direct from the spleen. 
Also scTeral developmental forms (the spore-formation of the 
small nnpigmented parasites) which are never or very rarely seen in 
blood obtuned from the finger^ may be demonstrated in splenic 
Uood. 

In my opinion, the abstraction of blood from the spleen is un- 
necessary, as well for diagnostic as for experimental purposes, 
whilst for the first purpose the examination of blood from the 
finger is completely sufficient, and for the second, splenic blood 
gives very meagre results as compared with those obtained poet 
mcvtem. The operation is only indicated under exceptional cir- 
cnmstances. 



CHAPTER ni. 

GENERAL AND SPECIAL MORPHOLOGY OP THE MALARIAL 

PARASITE. 

The malarial parasites are unicellular living organisms which in 
their early forms show a more or less lively amoeboid motion, 
whereas during their stages of development they lose it entirely 
and only show slight changes in form, probably caused by the 
contraction of certain strata of the body. 

Whereas then we see in the developed parasite definite simple 
forms recurring^ to which a relatively small scope is allowed^ we 
find the young forms possessing the most various outward appear- 
ances. As a rule, the immature parasites have a flattened disc- 
like form which, according to whether it is at rest or in move- 
ment, may have a circular, oval, smooth, edged, or completely 
irregular shape. The mature parasites are globular or sometimes 
also flattened. 

The predominance of the flattened forms is probably due to 
the site occupied by the malarial parasite, the red blood-corpuscle, 
which possesses a flattened form ; the perfectly globular form is 
first assumed by the parasite when it has escaped out of the red 
blood-corpuscle. 

The size of the parasite varies according to its age ; its diameter 
measures i ju — lO/u. The parables are mostly isolated, but not 
infrequently several may be found side by side, and, as I shall 
later on explain, there are amongst the malarial parasites certain 
kinds which must take on the sexual form (copulationsformen) ; 
these consist of two single parasites, sometimes of four. The 
sexual forms possess in the developed stage a double-contoured 
membrane, which is absolutely wanting in the isolated parasite ; 
they are therefore to be described as cystic bodies. 

The reproduction of the malarial parasites takes place through 
a simple segmentation (spore-formation) in the developed condi- 
tion, probably also by the formation of spores after previous 
conjugation and encystment. 
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MoBX Detailsd Descbiptiox of tee Seveem. Elements of the 
Obgaxisk. 

(a) The external cell membrane (CaticaU). — Hitherto it hasnol 
been possible to make oat or to demonatrat^, either in the natorsl 
condition or prepared hy anj^ method, a donble-contoarect mem- 
bnne in an isolated heematozoon. This refers jasl as mach to 
the developed bodies nearing spore-formation or to those in the 
act of spore- formation as to the immature forms. On a spore- 
forming body a single fine bonndarv line maj- be rarely seen, a 
double contour never, 

Laveran'8 crescents atone shov a euticU as a perfectly recojj- 
nisable. dovhle -contoured membrant, and those oval or roand bodies 
which by means of change of form are able to proceed from them. 
This double contour was noticed by Lareran from the first, and 
he says that in those preparations which are treated by osmic acid 
( I in 300) and stained with picro-carmine in glycerine it can be 
preserved. Later observers have not paid much attention to the 
presence of this membraue; even in 1S87 Marcbiafava and Celli 
[61] neglected the existence of a double contour, whereas two 
years later we see in the report which then appeared of the work 
of Celli and Guamieri [46] that the crescents were mostly formed 
with double contours. 

The importance of the double contour as a proof of the pre- 
sence of a membrane is doubted by Antolisei and Angelini [62], 
these authors giving expression to the opinion that this doable 
contour is caused by a layer of hsemoglobin being attached to the 
crescent. 

This opinion was likewise adopted by Marchiafava and Celli, 
who since then always speak of a "hBemoglobin membrane" 
(btemoglobin cuticula). 

I also can confirm the fact that this membrane is often, though 
by no means always, of the colour of hsemoglobin, but it does 
not follow from this that it is nothing more than the substance 
of a blood- corpuscle, for it is clear that the crescent, as all other 
forms of the parasite, is nourished by endosmosis and that it must 
obtain the hBemoglobin necessary to its growth through the mem> 
brane ; that the latter also may appear to be coloured by it is 
onlynatural. I have not infrequently seen fragments of undigested 
hasmoglobin even in the crescents themselves (see Plate I'V,fig.47). 
Further, the membrane is, as already mentioned, very far from 
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l>emg always colooreiJ, indeed, it is very often completely trans- 
parent and colourless (Plate IV, figs. 63, 64 ; Plate I, figs. 57 — 66). 

Farther proofs for the existence of a true investing membrane 
round these bodies will be given subsequently. Even under high 
powers no proof of strncture in the membrane is obtainable. 

Lastly, it must be mentioned that Antolisei sometimes observed 
a double contour in the spores of the quartan parasites, and that 
the same author is of opinion that the spores in general have an 
investing membrane. 

(t) Plaamic bodies and their amtenis. — Each htematozoon 
possesses a plasmic body which occupies a diSerent amount of 
space in relation to the whole parasite ; relatively it is least in 
the quite immature forms, because iu them the size of the nucleus 
much predominates, whereas in the fully -developed parasite the 
relative size of the two is generally reversed. The bulk of the 
cytoplasm is excentrically situated with reference to the nucleus, 
as is seen in the illustration {see Plate III). 

In the living parasites, especially in all immature forms, it is 
generally impossible to diSerentiate the plasma from the nucleus. 
Both constituents apparently form a homogeneous mass, and this 
explains why it was so long before the difference was made out. 

In stained preparatityiis the more or less markedly stained 
plasmic body projects itself quite clearly from the unstained vesicle 
which forms the nucleus (see Plate III). 

As the amceboid processes of the immature forms proceed from 
the plasma, it is natural that in the stained preparation all possible 
forms are presented. 

In the Protozoa, to which, indeed, the malarial parasite belongs, 
two layers of the plasmic body are in general distinguished, the 
inner and the outer layers of protoplasm (Entoajte and Sarcocyte). 
These layers are found clearly separated from one another in 
many developed Protista ; the granules of the Entocyte especially 
present a marked difference in comparison with the hyaline con- 
struction of the Sarcocyte. In the malarial parasites it is not 
always possible to accomplish such a division of the protoplasm 
into two accurately differentiated layers, just as little as it can 
be done in a large number of the Rhizopoda, in the small single 
Gregarinida and the Coccidia. Celli and Guarnieri [46] were 
the first to use for the malarial parasites the expressions Edo- 
and Endo-jilasm, but they caused some confusion because they 
designated Endoplasm the unstained part of the hiematozoa, — that 
part which represents the nucleus and which has, therefore, 
nothing to do with the protoplasm. 
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I observed, as did Grassi and Feletti, that in immature '] 
sites the melanin granules are cbieflj found in tbe external part 
of tbe protoplasm, wbereas tbe inner, tbe part next tbe nnclens, 
contains little or no pigment. I bare therefore anggested tbat 
tbe distinction of tbe two layers BbouM be based upon this fact. 
In many of tbe illustrations in the plates the reader will notice 
tbe conditions mentioned well marked. As, however, especially 
in tbe larger forms, the opposite condition is also to be observed, 
or certainly no considerable difEerence in the distribution of the 
pigment is appreciable, I think that we shall do best in the mean- 
time to consider the protoplasm of tbe malarial parasites as a body 
without any distinct differentiation. I mast distinctly deny 
Romanowsky's [48] opinion that in healthy parasites, which have 
not been influenced by quinine, the marginal layer is always left 
free from pigment. A glance at the illustrations shows that jnat 
tbe opposite is tbe case; in yonog lively amteboid bodies, and, 
therefore, certainly in perfectly vigorooa bodies, I have very often 
observed that the very few pigment grannies which are present 
are found at the extreme periphery of the parasite {Plate II, figit 
12 — 14). Danielewsky finds that also in the blood parasites 
birds pigment forms in the outer layer. 

It is interesting to notice that this behaviour presents a contrast 
to the known fact that in the other Protozoa it is the inner proto- 
plasmic layer (Entoplasma) which contains the granules, products 
of digestion, &c., while the outer layer (Ettoplasma) is free froiA' 
them. 

The protoplasmic substance appears to be chiefly bomogeneoi 
and hyaline, but in fully developed parasites it not infrequently 
shows a thick granulated appearance, which is made up of slight 
refractile graiiules. These granules also take part in the peculiar 
motion in which the pigment granules are found. 

The most important protoplasmic contents are formed of melanii 
granules, the malarial pigment. It has already been mentioni 
in the introductory chapter that Heinricb Meckel was the first to 
see this pigment in the blood, and that Vircbow first recognised 
the importance of tbe fact in regard to malaria. Vircbow, as well 
as Meckel, then assumed that the pigment originates in tbe spleen 
and from there makes its way into the circulation of the blood, 
while Planer first thought of tbe possibility of the origination of 
pigment in the blood itself. Later observers divided themselves 
chiefly into two groups, one of which represented tbe view started 
by Vircbow, for instance Prericbs [63] , who, placing tbe principal 
source of pigment in tbe spleen, regarded the liver as a secondai 
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aonrce, and Mosler [64], &c,, while the others pleaded for the 
formation of pigment in the blood itself; among the latterj 
Am stein [65] must be specially mentioned, as he distinctly 
deacribed the melan^emia as the first factor of which the melanosis 
is the result. 

Arnstein and Kelsch [66] almost eimnltaneously took the side 
of the origin of the pigment in the circulating blood, bringing 
forward as the chief argument that sometimes, even in intense 
melanfemia, no trace of pigment is found in the spleen, and there- 
fore that that organ cannot be considered the source of the new 
product. 

C. Schwalbe [67] put forward a remarkable idea, namely, that, 
by the injection of carbon bisulphide and oxysnlphide of carbon 
{also by inhalation of the latter) into animals, melamemia could 
be produced, and therefore it followed that malaria was a poisoning 
with these substances and that they were present in the malarial 
atmosphere as gas. 

B. Afauassiew [68] also had an idea which differed from the 
others in that he held the pigment granules, on account of their 
equal-sized grains, to be chromogen micrococci, 

Marchiafava [69], on the other hand, as early as 1879 considered 
that the melanin was formed within the red blood-corpuscles, 
basing this opinion upon microscopical appearances in the marrow 
of bones and splenic pulp in malarial subjects (p. m.}. In these 
he frequently saw altered red blood-corpuscles enclosed in the 
large leucocytes. To-day we know that these are blood-corpuscles 
infested by phagocytes. 

Marchiafava and Celli [17] were of the same opinion whenthey 
wrote in 1884 that they believed the bodies stained by methylene 
blue (now recognised to be the malarial parasites) to be a necrosis 
of the red blood-corpuscles, "dans laquelle s'opere la trans- 
formation de I'hemoglobine en melanine." With this expression 
both these authors indicated the place where the melanBemia 
originates from the biemoglobin, only they could not then state 
the originating cause of this so remarkable a transformation. 
This last point is first clearly dealt with by Laveran [18], who 
likewise in 1884 writes as follows : " II parait tres vraisemblable, 
en effet, que les grains pigmentea ne sont que des produits de 
destruction des hematies, des residus de leur digestion par lea 
microbes du paludisme, si j'ose ainsi dire, residus qui s'accumu- 
lent dans I'interieur des corps cyatiqnes" (1. c, p. 205).' 

' It appears very probable that in reality the pigmented granules are only 
the products of the deatraction of tbe hcematin, the residue of its di(;estion 
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These words, indeed^ indicate the standpoint we now take up 
concerning the formation of the malarial parasite and which we 
are not likely to have cause to relinquish. 

The pigment therefore represents a product of digesticn of the 
haomoglobin. It is produced by the metabolism in the h»matozoa, 
which are obliged to {angewiesen) obtain their nourishment from 
the substance of the red blood-corpuscle ; it accumulates in the 
interior of the parasite as it grows in size. 

The malarial parasite produces the pigment in the form of ex- 
ceedingly fine dust-like particles, as coarse granules, and as dis- 
tinct rods or spicules. The longest spicule measures about 
I ^. The agglutination {zusammenbacken) of numerous pigment 
fragments results in the coarser conglomerate forms of g^ranular 
masses. The colour of the pigment is black in the masses just 
mentioned ; in the fine spicules and granules it may have a 
shade of reddish brown. Laveran [9, p. 36] describes the colour 
as dark fire red ('' rouge feu tres fence '') and says that he has also 
sometimes seen light blue pigment which is said to come from 
the black pigment. Bosenbach [70] saw in one case granules 
which were less black than colourless or greenish and reddish. 

Concentrated hydrochloric acid and sulphuric acid do not alter 
the pigment ; on the contrary, it is markedly cleared np by alka- 
lies and it appears soon after their action reddish brown^ even 
yellowish.^ It is dissolved by ammonium sulphide (Kiener). 
The chemical composition of the pigment is unknown. 

All malarial parasites do not contain pigment. Firstly, all 
immature forms are free from it : there is, however, also a definite 
species of parasite which up till spore-formation has either no 
pigment or only shows slight traces of it. This important fact 
was nested by Marchiafava and Celli, but it must be qualified by 
the statement that the species of parasite referred to, if only it is 
alk^wed a few davs' time, forms regular bodies which are alwavs 
deeply pigmented orescentio bodies' , so that an attack of malaria 
can v^nly exc^piiv^nally nm its course wiiho:i« terming pigment, 
name> in tho«$e cases in which an esT>eciaIIv serein infeciion with 
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are so small as to be only just appreciable with the best objectives. 
The protoplasm looks as if " finely dusted/' In other forms the 
pigment occurs in coarse particles, which are so numerous that 
when the parasite is nearly fully developed it seems to be per- 
fectly crowded with pigment granules. 

Golgi found that the quartan parasites have coarser pigment 
granules than the tertian parasites. As the finely or non-pig- 
mented forms just described belong to the quotidian type, it may 
be said in general terms that the size of the pigment granules 
increases throughout the evolution of the parasite. 

The movements and definite grouping of the pigment will be 
discussed under the heading of "Phenomena of motion.*' 

The protoplasm also contains vacuoles ; as Colli and Gnamieri 
have pointed out, these are to be seen as small, roundish or even 
oblong, clear interruptions in the protoplasm j they are not con^ 
trax^iile. Usually small vacuoles and few in number (one or two) 
are seen in a parasite, but it happens sometimes that the whole 
of the protoplasm is riddled with them and looks like a sponge 
(see Plate III, fig. 32). Whether a parasite so affected can live 
long it is difficult to say.^ I have often observed in certain 
specimens a remarkable number of such vacuolated parasites ; 
in others very few or none were found. 

It would appear that several authors have mistaken this 
vacuolation for spore-formation. I would here call their atten- 
tion to the structure of the spores as seen by the light of 
improved staining methods. Vacuoles have no structure ; they 
are fissures in the protoplasm which are filled by fiuid, and 
therefore spore-formation and vacuoles have nothing in common. 

The nucleus of some forms, again, is often erroneously taken f 
to be a vacuole ; so Marchiafava and Celli mistook the large 
central nucleus of the small form of parasite, which they later, as 
I think wrongly, considered to be a biconcave variety. 

(c) Nucleus and nucleolus. — The nucleus of the malarial parasite 
has only recently been recognised as such. Laveran from the very 
first insisted that the hsematozoa were differentiated from the 
leucocytes by the absence of a nucleus, and this statement seems 
to have placed the search for the nucleus for a long time in the 
background. Laveran was so far correct, for the malarial parasite 
does not possess a nucleus which can be stained like the nucleus 
of the leucocyte ; with a simple carmine stain, which is quite 
sufficient for staining the nuclei of the white blood-corpuscles^ 

^ It may be noted in passing that certain Gregarinida, for example Cono^ 
rhynchus echiuri, are always quite vacuolar. 



GENERAL AND SPECIAL MORPHOLOGY. 269 

situated. This little body contains the largest mass of the nuclear 
chromatin — it is the nucleolus.^ 

Two nucleoli may also be present (see Plate IV, figs. 15 and 
17). Sometimes several dark points are seen in the nucleolus, 
as is clearly shown in Plate III^ figs. 8, 15, 16. They are, as a 
rule, very regularly placed little bodies ; their role is unknown 
to me. 

In my opinion, there is a stage in which the nucleolus dis- 
appears j it probably breaks up in the protoplasmic body (see 
Plate III, figs. 8 to 18), then only empty nuclei remain, as shown 
in Plate III, figs. 19 to 21 ; further^ there is a second stage in 
which the nucleus contains chromatin, as in Plate III, fig. 21, 
and then the nucleus finally ceases to be recognised as such, as 
in Plate III, fig. 22, and Plate IV, figs. 5 to 10. 

When dealing with spore-formation, details will be given con- 
cerning these matters. I only note here that Bomanowsky, as 
also Grassi and Feletti, make no mention of the disappearance of 
the nucleolus and the nucleus, but that these authors assume the 
continuance of these cell contents till spore-formation, which, 
according to Bomanowsky, takes place by karyokinesis. 

I need hardly further insist on the importance which must be 
placed upon an accurate knowledge of the structure of the 
parasite. Through this alone all objections to the living and 
independent nature of hsematozoa are once and for ever set aside ; 
since the first contributions concerning these details have appeared 
no further doubts have been raised by the holders of the '^ de- 
generation hypothesis." 

(d) Phenomena of motion. — It was this appearance which first 
gave Laveran proof that the pigment-bearing bodies were living 
organisms. 

In fact, the movements of the malarial parasite, both the 
external (amoeboid, lashing) and the internal movements (proto- 
plasmic waves) present under the microscope as fascinating a 
picture as one could well wish to see. Laveran from the first 
differentiated three kinds of movement in the haematozoa. 

1. The amoeboid movement. 

2. The movement of the flagella. 

3. The movement of the pigment. 

^ Bomanowsky does not speak of a nucleolus, but of the chromatin network 
of the nucleus, and speaks of the " clear areola " as the nuclear humour. I 
think that this contradicts the usual opinion. The Protista have, as far 
indeed as is known, large vesicular nuclei with one or more nucleoli ; as we 
find the same conditions existing in the malarial parasite, we should do better 
to make use of the usual nomenclature. 
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he was unable to bring out anything that looked like a nncleos 
in the parasites. 

Marchiafava and Celli, amongst their numerous drawings ol 
the small nupigmented forms, have here and there perfectly 
distinct representations of strncture, but they have given no 
special attention to the structural relations. 

Celli and Gnarnieri [46], first employed the methods of 
staining above referred to, bnt without much success, for they 
permitted themselves to be misled, and to take the nucleus to be 
a part of the protoplasm (their endoplasm). They were not 
fortunate enough even to get the nuclear chromatin sufficiently 
stained in the unpigmented bodies ; at any rate there is nothing 
of the kind to be seen in the plates attached to their publications. 

Grasfii and Peletti [47] first gave accurate information con- 
cerning the nucleus and nucleolus of the quartan parasite. Soon 
after, I [49] and Komauowaki [48] published similar information 
concerning the tertian forms. Since then I have become con- 
vinced of this, that the details of structure of the small pigmented 
and of the unpigmented forms are analogous to those of the 
large forms. 

In fresh (living) preparations one can occasionally see at 
certain stages something of the structure of the parasite. These 
stages are the spore-forming stage of the quartan parasite and 
the fully-developed, large, so-called free forms. In the spores 
the nucleus appears as a bright, strongly refractile body, 
which forms the chief constituent of the spore, and on which a 
still smaller and more brilliant body (nucleolus) is to be dis- 
tinguished (see Plate II, figs. 6 to 8). The nucleus is more 
* rarely to be seen in the fresh spores of the tertiau parasite (see 
Plate II, figs. 22, 23). The nucleus of the large forms has been 
often seen and described by former observers ; it forms in the 
interior of the parasite a relatively large vesicle which is some- 
times waved hither and thither by the movement of the proto- 
plasmic waves. It is also noticeable that the pigment is never ] 
stored up in it, but rebounds from its border as it were (see Plate ] 
II, fig. 24), In these nuclei of the large living forms a distinct 1 
boundary contour is seen, so that a nuclear membrane csan be I 
spoken of. I have never been able to distinguish this in stained I 
preparations, for in them the nucleus appears as a relatively larg^ J 
more or less rounded kind of vesicular structure which ia 1 
usually eccentrically placed. The nucleus is not at all » 
slightly stained, but at the periphery it possesses a vet 
coloured body, around which a slightly tinged zone is fr 
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^ibnisiaAtarak and Celli added to these the presence of an undu- 

T^B^ vmaAML movement of the malarial parasite consists in a 
:smnr if Less firely alteration in form^ which is brought about 
rr -iie "senjeedcfn and retraction of delicate or well-marked Pseudo- 



obserred this kind of movement both in the large and 
Tiwfin?nr-€iaed bodies as well as in the smallest sparely pigmented 
TiTTmcg- ones ; Marchiafava and Celli noticed that the nnpigmented 
Tnma also showed amoeboid movements of the most livelj descrip- 

T^ amoeboid movement is most marked in the immature forms 
jBii gradually diminishes with the development of the parasite. 
A>rccrding to Golgi, it is from the very commencement least in the 
^naraoi parasites, but, as Marchiafava and Celli have shown, it is 
nsTT well marked in the nnpigmented forms of pernicious fever. 
Tbte activity displayed by the immature forms of the tertian type 
■sonsfies a middle position. 

Upon the warm plate the amoeboid movement increases, though 
is is noticeable without this aid, but it must be mentioned that all 
vte forms are not in movement at the same time, most being seen 
m a quiescent condition. As in the other forms of movement of 
the parasite, the amoeboid movement shows certain moods, being 
sometimes active, sometimes sluggish, sometimes stopping com- 
rletely, apparently without any reason. 

There does not appear to be any special local change of position 
with the amoeboid movement ; it is chiefly to be recognised as a 
^^neral alteration in shape ; naturally in the close quarters of the 
r^ blood-corpuscle there is not much room for change of place. 

Flagella. — The flagella are developed out of the large mature 
iTjurieties. I find in the literature of the subject only a single 
:iote by Marchiafava and Celli [71, page 159], in regard to the 
observation of a flagellum in an immature endocorpuscular para- 
site. The development of the flagella out of the large spherical 
boviies can be very often seen under the microscope. In the 
spherical bodies of the crescent series it takes place as follows : the 
rv*und body which has been quite quiescent, is suddenly seized 
with a very intensive jerking movement. This throws it back- 
w^urds and forwards, and is accompanied by the production and 
withdrawal of the periphery. Soon after, from different points at 
iKo tnige, finger-like projections are shot forth with great energy ; 
A^ projections are formed of the membrane of the body, which stands 
^}iressure of the Hagella for a time [sometimes continuously). But 
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lastly^ the membrane raptures, whereupon the projections sink 
back, and from them long thin threads shoot out, which lash so 
actively that their contours can only now and then be partially 
caught sight of. The violent way in which the flagella lash the 
red blood-corpuscles in their neighbourhood has often been 
described ; they even cause marked depressions upon their 
surface, which, however, immediately disappear (see Plate II, 
figs. 62, 66). 

Knot-like swellings are often noticed on the flagella ; appa- 
rently they change their situation; their extremity is usually 
knobbed and a fine pigment granule may be seen here and there 
lying in their substance. The number and position of the flagella 
varies. One to five are noticed from one body, but owing to their 
exceedingly rapid movement they are difficult to count. They 
may project from one side or both sides of the spherical body, 
symmetrically or unsymmetrically. The movement of the flagella 
lasts from fifteen to thirty minutes ; it becomes gradually weaker, 
intermits, and then comes to an end. Sometimes quiescent flagella 
can be seen attached to the bodies ; sometimes, however, they 
become detached, and then swim about in the protoplasm like 
eels ; these freed flagella are the only form of the malarial parasite 
which possesses the power of changing its locality. 

The picture which these flagella present is a very startling one, 
especially to pathologists who are not used to like appearances, and 
it is therefore not surprising that Laveran gave the greatest 
attention to the flagellated bodies, and attributed to them an 
especially important place in the biology of the malarial parasite. 

Laveran had from the first the impression that the flagella re- 
presented the highest developmental stage of the parasite. They 
appeared to be developed in the cystic bodies, and to escape from 
them when mature. If so, this would also explain the method of 
reproduction of the parasite. 

A second condition might have influenced Laveran considerably 
in forming this opinion, namely that the flagella are usually to be 
found in the blood at the time of, or shortly before, an attack, 
whereas they are rarely seen in the intervals of apyrexia. 

Laveran's statement with reference to the flagella was soon 
confirmed by Richard. The Italian investigators at first did 
not mention them, and later considered that they but rarely 
occurred. In Marchiafava and Celli^s first communication nothing 
is mentioned of these bodies, for this reason — these observers at 
that time only worked with stained specimens, in which the flageUa 
are seldom seen. In 1886 they [61] saw flagella four times in 
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forty-two severe cases of malaria, in 1887 not once in 120 
cases ; it is, therefore, comprehensible that they saw in them the 
rarely attained final stages of development [19]. 

Apart from French observers, Councilman [22] was the first to 
call attention to the frequency of these bodies. 

Since the method of the reproduction of the parasite has been 
fonnd to occur in a different way, one is on the whole inclined 
to depreciate the importance which Laveran attributed to the 
flagellumjand at the present time its importance is, as I believe, 
very under-estimated. Grassi and Feletti [72] saw ooly the 
" appearance of agony " in them, and Marchiafava and Celli are 
now of the same opinion, as appears from their last joint report 
[73]. Grassi and Feletti base their opinion on the fact that the 
Sagella are first developed in the specimens some time after the 
blood is taken, that they are not present in the circulating blood, 
and that they vary in number and in arrangement, 

Danielewsky [75] alone at present agrees with Laveran in the 
opinion that the Sagella are to be regarded as organs of the 
parasite. He calls attention to their constant presence in the 
Polymitus avium. 

During the course of my investigations I have given the 
flagella special attention, and have arrived at the following 
conclusion. The fagella appear in all the species of the malaricU 
parasite. They are most frequently observed in the spherical 
bodies of the crescent series, almost as often in the tertian 
parasites, less frequently in the quartan parasites. The frequency 
of their presence, which, however, is only to be proved by a 
repeated and accurate observation of the blood, convinces me 
that the Jlagella are to be considered a necessari/ attribute iti a 
distinct stage of the development of the parasite. As already 
mentioned, it is the large developed spherical bodies which send 
out the fiagella. It is also clear that the fiagella are more 
frequently to be found during the paroxysms of fever in which 
the large forms are most numerous than during the period of 
apyrexia. 

In many species of parasites, as in the tertian parasite (Golgi), 
the flagella may be regularly demonstrated, and often in great 
number, a few seconds after blood has been drawn. A longer 
time (about ten to thirty minutes) passes before the spherical 
bodies of the crescent series appear. In nearly all cases of 
malaria in which there has been to any extent an abundance of 
parasites found, and whose persistence has permitted several 
observations, I have found flagellated bodies. 
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In my opinion these appearances are^ as already mentioned^ 
certainly not to be considered as " agony products." For why 
should they only be exhibited in a relatively small number of 
parasites^ when certainly all of the bodies in the preparation die 
within a short time ? There must also be here and there flagella 
to be seen in the circulating bloody in which, as I shall later on 
prove^ an enormous number of parasites perish at the time of the 
paroxysm^ and therefore great numbers of forms '^ in agony " 
are present. One ought to expect the same thing to occur after 
the administration of quinine. But none of these expectations 
are confirmed. Lastly^ the extraordinary activity in the move- 
ments tells convincingly against the supposition of an ^^ agony- 
phenomenon.'' 

My idea is that we have to regard the flagella as organs which 
enable the parasite to adapt itself to a saprophytic condition. I 
imagine that the flagella shrink in at the first commencement of 
life outside of the human body^ and that the death of the young 
saprophytes takes place in consequence of the unsuitable soil. 
This explanation makes it comprehensible why flagella are only 
formed by developed organisms. It is only the strong, well- 
nourished, large bodies which are in a condition to bring them 
forth j they alone are called upon to change into the saprophytic 
condition in suitable soil. 

A proof of the correctness or otherwise of this supposition is 
only to be obtained by successful cultivation experiments ; still I 
believe that at the present time there are more facts in favour of 
it than for Grassi and Feletti's idea. 

The flagellum can only be stained if a cover-glass film is 
immediately placed in a moist chamber for about a quarter of an 
hour, that is to say, the flagella must be permitted an opportunity 
to form. As soon as they are present they can be stained, as is 
the protoplasm. 

The third kind of movement is that which takes place within 
the parasite, and which finds expression in the more or less active 
intermolecular movement of the pigment. When the movement 
is slower the pigment granules lazily but hardly recognisably 
alter their position, but when greater they are whirled about like 
a swarm of midges. Laveran has compared the latter condition 
very happily to the disturbance of boiling water. His opinion 
is that the movement is caused by the flagella enclosed in the 
interior of the parasite, and that the pigment granules are 
thereby set in motion. Other authors see in this pigment move- 
ment a Brownian phenomenon. One is obliged to contradict this 

18 
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latter view when one sees in what tortaons ways the pigment 
granules whir about amongst one another. It is no vibrating 
motion, but a continuous^ if frequently repeated^ change of posi- 
tion. Against Laveran's proposition it has been rightly objected 
that the movement of the pigment is noticed in the immature 
forms which send off no flagella. 

I think that it has to do with a wave-like motion of the 
protoplasm^ which drives the pigment granules with slower or 
more rapid pace through each other^ according as surrounding 
conditions favour or retard it. 

This movement is best seen in the mature pigmented forms of 
the tertian parasite^ and in the spherical bodies of the crescent 
series. The quartan forms have usually quiescent pigment, 
whereas it is nearly always found in movement in the tertian 
parasites. The crescents often show, so long as the pigment lies 
scattered in them (t. e. in the immature crescents) a slight move- 
ment of pigment ; if the pigment is a concentrated heap in their 
centre, it remains still. In the spherical bodies which arise from 
the crescent the pigment remains quiet for a time, then, under the 
microscope, it is often seen to be moving, and gradually attains 
the most violent motion. At this time the flagella usually break 
forth, whereupon the pigment may come to a standstill, but not 
invariably. 

The movement of the pigment is also to be seen in some of 
those forms which I shall afterwards describe as " quinine forms" 

The duration of this movement varies ; in all cases it continues 
the longest of the three movements which have been mentioned. 
I have been able to observe it for from twenty-four to forty- 
eight hours in my moist oxygen chambers. 

It is not yet certainly decided whether the movement continues 
or not in the parasite cadavres ; the answer to this question 
depends upon the definition of what a cadavre is. One very often 
sees, for instance, how from a large spherical body single small 
balls containing pigment, which we believe to be perfectly unable 
to reproduce owing to their non-nuclear character, free themselves, 
and in them the pigment continues active movements. The 
" quinine-forms " are at any rate very reduced in their vitality 
and yet they show pigment motion. On the other hand, the fact 
must be recognised that the cadavres of all parasites contain 
quiescent pigment. After all, one will not be much in error if 
one takes for granted that parasites in which the vitality is 
deeply injured (unhealthy parasites) can still contain pigment 
motion, whereas dead ones do not possess it. By saying this, 



GENERAL AND SPECIAL MOBPHOLOGT. 275 

rerer^ it does not imply, as will be seen from what has jast 

said, that all forms with quiescent pigment mast be dead. 
Marohiafava and Colli [19] have described the occarrence of 
undulating edge in varioas spherical bodies (as appears from 
description of those of the crescent series) ; Coancilman 
lOe saw a crescent with a wave-like movement of its edge. 
< I liave several times observed the undulating movement of the 
of the spherical bodies of the crescent series, but I got the 
ireasion that this phenomenon was caused by the flagella 
had not been able to break through the relatively strong 
ibrane of the spherical bodies. If the eruption of the flagella 
often observed, it is not infrequently noticed that in the pre- 
ion for this process the '^undulating edge'^ is noticed for 
reral seconds. A similar, if not exactly the same, opinion 
to be held on this subject by Danielewsky [75]. He 
> vritos : " It appears to me that this undulating form can produce 
i jtwJ f from the one described above by the gradual drawing in of 
'ihe flagella.'' After this I do not think it justifiable to consider 
^^ itbe undulating edge '' as a movement in a special category, but 
KI peroeive in it only a modification of the flagella movement, 
t' irluoh 18 produced by the resistance of the membrane ; it is a 
^ JUagelia movement voithin the membrane. 

lir (e) Concerning the relation of the parasite to the red blood^cor- 

puedes. — From the time of his discovery onwards, Laveran was 

^ of the opinion that the parasites existed, partly free in the 

■ liqaor sanguinis, partly adherent to the red blood-corpuscles or 

pireased into (''accol^'') their upper surface, and he holds to 

tlua opinion to the present day. Bichard [i i], on the other hand, 

was of the opinion at the commencement of his investigations 

tliat the parasite was developed within the red blood-corpuscles, 

^- and that after becoming large in them they left them by rupture 

l^'of the membrane. Later [81] he gave up this idea and returned 

rto Laveran's opinion of the extra-corpuscular existence of the 

^panaite. 

Among the Italians it was Marchiafava and Colli who most 

mnonsly defended Richard's first view that the parasites 

within the red blood-corpuscles and that they are there- 

endo-corpnsoular parasites. As chief argument they brought 

the &ct that the amoeboid parasites never overlap the 

of blood-corpuscles, which must sometimes occur if they 

lie upon them and are not held fast to their substance. 

ler, they noticed in this connection the consideration that 

iVeran's view were correct a parasite must occasionally come 
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the object. This method of illumination renders excellent service 
when one wishes to see the bodies in plastic relief. In this way 
shadows are produced^ which is not the case when the specimens 
are illuminated directly from below. By this oblique illumination 
with an open Abbe, the umbilication^ for instance, of the red blood- 
corpuscles appears remarkably plastic. If the infested blood- 
corpuscles are now founds it is seen that in the places where the 
parasites were observed, distinct impressions in the substance of 
the blood-corpuscles are noticed, and that the margin of this 
so-formed depression is perfectly sharp. I have made this 
observation innumerable times, and I found it confirmed in all the 
small varieties (also in the immature varieties of the quartan and 
tertian parasites), so that I do not scruple to consider it to be the 
rule. In face of the fact just mentioned, we must doubt to 
some extent the assurance given by Marchiafava and Celli that 
the amoeboid forms are endoglobular. If these bodies were within 
the substance of the blood-corpuscles, one cannot understand how 
the observed depression in the upper surface of the blood-corpuscle 
takes place. One would, on the contrary, expect it to be evenly 
expanded. It seems to me, also, that in regard to these forms 
Laveran's opinion is correct, whereas the endoglobular situation 
of the large pigmented bodies is to be held as proved. 

I should not have dwelt so long on these histological details 
if the Italian authors had not gone too far in claiming to be 
the discoverers of the parasite by their discovery of the endo- 
globular growth (which, indeed, as has been mentioned, has 
already been discovered by Sichard). For the biology of the 
parasite and for its pathological importance it is just the same 
whether surrounded on all sides (endoglobular) or only on one 
side (extra-globular) with the nourishing substance of the blood- 
corpuscle. 

Against Marchiafava and Celli's opinion given above that all the 
free bodies are degeneration forms, it is further to be noticed that 
the spores which have become free, and are swiming in the pro- 
toplasm, are often to be demonstrated in enormous numbers. The 
way in which their structure takes on stain is so striking, that 
one is prevented from suspecting them to be " degeneration 
forms,^' as also from mistaking them for other elements of the 
blood (see Plate III, figs. 27 to 30). The amoeboid bodies, too^ 
which are developed further than their spore-forming stage, are 
not infrequently to be found free in the liquor sanguinis fully 
retaining their structure. With reference to the other free 
varieties, especially the large pigmented bodies, I refer to the 
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special description of the quartan and tertian paraw 

Chapter VI). 

Under the inflaenee of the parasite the red blood-corpuscle 
undergoes various changes ; under the influence of the pigment- 
producing parasites they lose more or leas rapidly their colour, 
BO that the blood-corpuscle debris which ia present is often hardly 
distinguishable. Again, alterations in the size and shape of the 
red blood -corpuscles are frequently seen. In tertian ague the 
infeated blood-corpuscles are often very hj*pertrophied, sometimes 
growing to three or four times their normal size (see Plate U, 
figs. 15 to 20), Probably this hypertrophy ia analogous to other 
cellular hypertrophies which have been observed in infested 
Gregarinida, for inatance in the Klosaia soror, which feeds upon 
the renal epithelium of the snail and often causes an enormous 
increase in the size of its cells. On the other hand, a decrease in 
size and also a shrinking of the infested red blood- corpuscle has 
been obaerved, for instance in the very interesting " Qlobuli rosti 
ottoiiati" first described by Marchiafava and Celli. They are 
shrivelled blood- corpuscles, having a copper colour (see Plate II, 
fig. 49). They are infested "with the small uupigmented or slightly 
pigmented parasites (quotidian or malignant tertian parasites).^ 

In the more deeply pigmented small species of parasites, small 
ones are sometimes seen lying, as it were, iu a folded veil, which 
is formed of shrivelled and completely decolorised blood-corpnscles. 
These appearances are extremely delicate, and are to be coaoted 
amongst the most beautiful microscopical objects. 

After some experience the shrivelled blood- corpuscles cannot 
be mistaken for the ordinary " morning star form." 

Of the diminution in red biood-corpuscles in consequence of the 
malarial infection, as also of phagocytosis, mention will be made 
subsequently (see Chapter IX). 

{/) Mode of Teproduction. — The reproduction of the malarial 
parasite occurs by spores which are formed in the fully-grown 
bodies. Celli and Guamieri endeavoured to add to this method 
reprodnction that of proliferation of the spherical bodies of : 
crescent series. It appears, however, that these authors gave 
this idea, and rightly so, for those ''bnda" possess 
and cannot therefore be spores. 

From Laveran's first publication it appears that he had 
at that time seen and described the spore-forming bodies, 
failed to recognise their importance, holding them as I '"' 

' I designate these shrivelled and darkly coloared blood-cor 
" Meaaing-Korperchen " (translated, copper-coloured bodiei 
by tbe author to have the colour of old brass). 
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-- ^"Hidy broken-down bodies. As has been already mentioned^ 
HE- averan then recognised in the formation of the nagella the 
Pl^^jbhod of reproduction of the parasites. 

f^ It is to Marchiafava and Celli's credit [20] to have first 
:^ \oaght of the importance of the spore-forming bodies^ but they 
^ .'re first definitely recognised, fully appreciated, and described 
^ / Golgi [34]. 

Gk>lgi first made clear the process of development of the 

nairtan ague parasite, then that of the tertian. A year later 

"^ '^Taroliia&va and Colli [61] were also able to demonstrate the 

^nrmaldon of spores in the parasites of the summer and autumn 

^isinftni to which the pernicious fever belonged. 

^e spore-formation consists in the appearance, in what had 

up to this time a single organism, of a larger or smaller 

iber of little bodies, each of which, on account of its complete 

■iWll ntmrtnrn^ possesses the power of individual life, growth, &c. 

-^-nQiaBe little bodies are the spores, and they represent the first 

-B^jmmature stage of the parasite. 

HB. The spore-formation takes place as a rule in mature organisms, 
ihat is to say in fully-grown large specimens, but here and there 
^^0DB does come across some which generate spores without yet 
,^. Iiftving reached medium size. 

Spore-formation closes the existence of the spore-forming bodies ; 
there remains lying side by side of the newly-formed young 
bodies a smaller or larger number of dead residue, the debris of 
the original mother parasites. These quiescent bodies consist 
chiefiy of pigment, which is taken up by leucocytes and is 
deposited in the spleen, the liver, or in the marrow of bones. 

The process of spore-formation differs in the various kinds of 
parasites, as also to a certain extent in one and the same species. 
The spore-formation proceeds with least variation in the 
parasites of the quartan fever. Golgi, whom we have to thank 
for the most accurate information respecting the formation of 
upores, shows that the parasite, fully filling the blood-corpuscle 
and ripe for division, gradually produces delicate radiating streaks, 
and that the pigment, hitherto distributed throughout the proto- 
plasm, concentrates itself in the middle of the body in globular 
form. The stripes become well marked, and suddenly the body 
of the parasite is divided by them into from six to twelve oblong 
divisions grouped round the central pigment mass. This stage 
Golgi compares to a ^^ daisy, ^* and, as a matter of fact, in the 
quartan fevers spore-forming bodies are often seen which do 
permit this comparison (see Plate II, figs. 6 to 8) . 
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In lilce maDner the spore-fonnation in the 
Fe^rrvt Urtiana takes place, althoagh, as Gol^ has | 
nXfclified is a characteristur manner. The pigment '. 
becomes concentrated, as a rnle, in the middle of the | 
prcipanng tn spore ; rtill the concentration may just as ' 
place at the edge, or it can be omitted altogether, in which i 
the pigment forms an eren network in the meshes of which the 
spores are formed. According to Golgi, the reaidne of these 
parasites retaiDS more protoplasm than those of the quartan forms ; 
also sometimes it may be enclosed in a membrane. According to 
the same observer, the division into spores occars in two or three 
circnlar rows aroond the residne, and there are prodaced, not 
siz to twelve, as in the quartan variety, bat fifteen to twenty 
spores, which are smaller and nnpigmented, and in most of them 
DO nncleolns can be recognised. The grouping of the tertian 
tpore>fonntDg bodies is compared by Golgi with a " aunfiower " 
(see Plate III, C and D). 

According to my experience, as indeed is mentioned by most 
obnervers np to the present, considerable differences occnr in 
thu sbape of the spore-formation of the FebrU tertiana. It 
forniM only seldom and exceptionally a typical snnfiower shape. 
Usnnlly the spores are irregularly arranged; their number is 
greater than in the quartan parasite, but occasionally epore- 
fonniiig liodies are seen with less numerous spores (see Plate II, 
■■2, 23). I have not yet been able to convince myself that 
I have found the larger sized residue with its membranous 
envelope. 

It is of practical importance to know that to differentiate the 
two types of spore- form atioD by Golgi's signs, and therefore to 
he able to diagnoee the character of the fever, is not difficult. 

The Hpore- formation of the eviall parasites of the pernicious 

0r occurs, as Marchiafava and Celli have proved, chiefly in 
internal organs, and indeed in the capillaries of the brain and 
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spleen ; these spore-forming bodies are only exceptionally to be 
seen in blood obtained from the finger. 

These small parasites invariably form spores at a time when they 
only occupy a fractional part of the red blood-corpusele. 

The pigmented small forms concentrate the pigment before 
spore-formation into a relatively large mass (see Plate II, fig. 35), 
and then fall into six to eight or more spores which are exceed- 
ingly small. The nnpigmented smaller forms separate in like 
manner into a smaller namber of the smallest spores (see Plate lY, 
fig. 66). 

The finest histological details of the formation of spores have 
not yet been described with complete agreement ; the minateness 
of the objects and the difficulty of staining them are probably to 
blame for the diverging views. 

Grassi and Feletti [47] > who have studied the details of the 
structure of the quartan parasites^ state that the nucleolus of the 
parasite enlarges itself, often takes on a rod-like form and there- 
after falls into numerous pieces, each of which is said to form a 
nuclear membrane and nuclear humour ; it comes to be, indeed, an 
endogenous reproduction by direct nuclear division, 

I [49] found in the tertian parasites that the nucleolus in 
certain stages dissolves into the protoplasm of the parasite, and 
that soon after the non-chromatic nucleus contains x^hromatin, 
whereupon a stage follows in which the parasite contains neither 
nucleus nor nucleolus. Thereafter dark points appear in the 
protoplasm, which gradually increase in distinctness and represent 
the position of the nucleoli of the spores (see Plate III, figs. 23 to 
25 ; these are drawings of specimens from which I have taken 
this description). 

Bomanowsky [48] .lastly, finds that the formation of spores occurs 
by means of karyokinesis. He admits himself, however, that he 
has " not been able to follow all the phases of the typical figures 
of karyokinesis.^' 

With regard to Bomanowsky's view, I must assert that in very 
successful preparations, stained by any method whatever, numerous 
mature parasites are found possessing neither nucleus nor nucleo- 
lus and which cannot be considered offhand as cadavres, especially 
if the preparations are not from the blood of patients who have 
been treated with quinine. These non-nuclear varieties (they are 
invariably large, fully-developed specimens) Romanowsky ignores 
(as do also Grassi and Feletti), I think unjustifiably. I would 
call special attention to the drawings (see Plate III, figs. 8 to 18) 
in which the transformation of the nucleolus into the protoplasm 
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is viBible, and which confirm me in the supposition that the spore- 
formation is commenced with the destruction of the nuoleolus and 
the nucleus.' 

According to my descriptions, the nucleolus is the first part of 
the Bpore which ia formed ; this receives a protoplasmic mantle, 
often even before the vestige of a nucleus is to be seen (see Plate 
III, figs. I and 25) ; it is only rather later that the formation of 
the nucleus itself occurs {see Plate III, figs. 2, 24). 

A spore is, there/ore, only then to be recognised at suck when a 
nucleolus with a protoplasmic envelope, eventually also with a 
nucleus, is present. Products of segmentation which do not 
possess this structure, are therefore not spores but residual bodies; 
they are often to be observed under various conditions (in fever, 
owing to quinine, spontaneous cure) and, in consequence of non- 
attention to the details of structure, they have often been erro- 
neously taken to be spores (as by Celli, Guarnieri and Plehn). 

In freeh specimens of hlood the spores can only be recognised 
tiiith certainty if they lie together in heaps, whereas single spores 
floating in protoplasm are only poss-tble to diagnose by meanji of the 
requisite stainhig. 

(g) The process of development of the parasite in general. — 
In the previous sections so many stages of the parasite have 
already had attention that it is now easy to forge them into u 
continuous chain. This conetruction of the process of develop- 
ment of the parasite is chiefly Golgi's work, even though it must 
be admitted that before him Marchiafava and Celli, as well aa 
Laveran and Richard, gave isolated hints of the same. 

Golgi arrived at his results by repeated observations of the 
blood at relatively short intervals of two or three hours, and by 
comparing the single results with one another, whereby he was 
able accurately to follow the progressive alteratious of the para- 
site. 

The developmental cycle of the parasites of the quartan and 
tertian fevers, as clearly shown by Golgi, ia shortly as follows : 
" The small escaped, invariably unpigmented spores, float for a time 
free in the liquor aanguini.s and grow in it, if only slightly, as I 
think may be assumed. Hereupon they attach themseivea, possibly 
in consequence of their adhesive nature, to a red blood-corpuscle, 
and so gain the soil for their further development. Here the 

' Bomanowskj's drawing must, further, certainly not be taken hb repreaent- 
iag karjokineaJB, for two or more nucleoli ai'e not at all rure in the malarial 
paraHites, nor indeed in aimilar organiams, unteas tbia appearance proves the 

preaence of karyokinesis. 
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spore become a small parasite^ without any real morphological 
change being demonstrable daring this change except the growth. 
The immature parasite possesses^ as already explained, more or 
less amceboid movement, and makes nse of this within its limits, 
these being the red blood-corpascle occupied by it. With the 
growth, the products of digestion — the melanin produced out of 
the hadmoglobin-— commence to collect in the external layer of the 
protoplasmic body. Lastly, the parasite arrives at the height of 
its individual life; in the quartan species it fills the whole of the 
red blood-corpuscle, which has remained unaltered, (in the tertian 
variety it remains rather less than the size of the blood-corpuscle 
in consequence of its hypertrophy), and then follow the pheno- 
mena of spore formation which were described in the previous 
section. We have, therefore, again arrived at the point of com- 
mencement of development. 

The parasites of pernicious fever carry out the same process, 
with a new element added, namely, the bodies of the crescent 
series, to which we must give special attention. 

(h) Laveran^a crescents, and the fusiform and spherical bodies 
belonging to them {spherical bodies of the crescent series). 

Laveran^s crescentic bodies, and the spherical and fusiform 
bodies respectively which proceed out of them, have formed since 
their discovery the object of much investigation. Their perplex- 
ing behaviour in various directions, and their morphological di- 
vergences from the other varieties of the malarial parasites 
already described, aroused the interest of investigators. 

However easily the material is obtained, and however easy of 
solution the questions raised as to the origin and importance of 
these bodies may a priori appear, the widely divergent opinions 
of observers prove that we have here to deal with a body which 
is most difficult to comprehend, whose peculiarities have not yet 
become clear to us in all respects, but which pressingly require \ 
further study. ' 

Before turning to the examination of the importance and 
origin of the crescentic body, we will take a view of its general 
morphology. 

The typical crescent-shaped body possesses the form which is 
expressed in the name given by Laveran {'' corps en croissant "). 
It is slightly built, very delicate looking, rather strongly refrac- 
tile, and sometimes rather glittering. Its length is some 8 — 
10 fi and its breadth in the middle amounts to 2 — 3 /u. Within 
this body pigment is always found, even if in varying quantity ; 
sometimes only a few pigment granules are seen in it (see 
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Plate IV, 6g8. 40, 41), but oftener large masses of pigment. The 
pigment is either scattered tLroughout the whole of the body or 
limited to one part of the same, usually the middle, more or 
less thickly grouped. I have found that this grouping often 
takes the form of the figure of 8 (see Plate IV, figs. 35, 36, 
46 — 48}, and that its final concentration into two masses or into 
two rows may take place. To this I shall return later. 

The concenirated pigment is invariably quiescent, whereas the 
scattered pigment granules often show a slight vibratory move- 
ment, added to which there may be a slight changing of place. 

I look upon the crescents with scattered pigment as immature 
forms, and upon those with concentrated pigment as the mature 
developed forms. This opinion is chiefly based upon the ground 
of analogy with the appearances which we have learnt to associate 
with other forms of parasites, and it therefore does not require 
any further description. The crescentic-shaped bodies do not 
possess amceboid movement, but possibly they have the power of 
slowly altering their shape. Laveran has already observed how 
under the microscope a spindle-shaped, an oval, or, lastly, a com- 
pletely round body may gradually be formed from some crescents 
(see Plate II, figa. 57 — 61). This alteration in form takes place 
in an almost unrecognisable manner, and requires for its demon* 
stration an observation extending often over several hours, It 
appears, indeed, that only definite crescents possess this power 
(it is probably a certain step in development), for specimens 
can be seen that have been kept in the moist chamber for days, 
in which most of the crescents have not changed their form. 

In perfectly fresh preparations very few fusiform or oval 
bodies are seen ; therefore, as a rule, very few such bodies are 
seen in the dry preparations which show best the condition of 
fresh blood. In consequence of this I incline to the idea that 
the alteration in form of the crescent is almost if not entirely 
coupled with its removal from the human body, and that the 
change never, or only rarely, occurs within the blood-vessels. 

Just as the crescents may he drawn out into a fusiform or 
cigar shape in order afterwards to form oval or spherical bodies 
by gradual distension of their diameter, so also one not infre- 
quently finds Laveran's bodies,' whose limbs (Schenkel) form a 
smaller angle, considerably modifying the appearance of the 
crescent (see Plate IV, fig. 51}. 

' Under the expreBsion " Lavemn'e bodies" is understood at present the 

crescents in general. 
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The change of the crescent into the spherical body is followed 
by further remarkable changes. The pigfment^ hitherto lying 
quiescent, which for the most part forms a fairly regular circle 
within the body, begins gradually to carry out the well-known 
tremulous and " swarming '' movement which has previously 
been discussed. After a time the pigment circle is dissolved, and 
the now scattered pigment granules actively tumble about 
throughout the whole body. Soon after the projection of the 
flagella occurs, as has been previously described in detail. 
Before calling attention to certain details of this process we 
must first clearly show the relation between Laveran^s crescents 
and the red blood-corpascles. 

Laveran himself held the crescents to be floating free in the 
protoplasm, and reported in his first communication that they 
only here and there leaned upon the red blood-corpuscles, from 
which they could easily be again detached. It must, however^ 
be remarked that Laveran mentioned in his first communication 
a fine line which connected in a bow the limbs of the crescent, 
and which, after further observation, proves to be nothing else 
than the contav/r of the blood-corpttacle in which the parasite has 
developed itself. The recognition of this endocorpuscular 
development of the crescent is to be credited to Marchiafava and 
Celli [20] . The drawings (see Plate IV, figs. 34 — 50) show that 
the crescents are either completely enclosed by the blood-corpuscle, 
or that they at least lie for the most part in it ; a fine, sometimes 
smooth, sometimes markedly crenated line is seen upon them, 
which represents the contour of the blood-corpuscle, and which 
can hardly be missed in vivo} 

1 have already given expression to the opinion that the 
crescents and the spherical bodies of this series respectively 
possess a true membrane, in proof of which I have referred to the 
appearances of the flagella at the moment of formation. I have 
still to add here that the membrane is not always coloured, but 
is often completely colourless. That Antolisei and Angelini [82] 
have confused blood-corpuscle dibria and membrane is illus- 
trated by the contradiction which exists in their declaration that 
the *^ hsBmoglobin-coloured cuticula ^' cannot be stained. It is 
known to every one who has been occupied with staining blood 
that particles of red blood-corpuscles containing hasmoglobin, 
however little, can always be well stained with eosin. Also 

1 In some of the drawings nothing is to be seen of either the blood- 
oorpuscles or the bow-line ; this is because the treatment of the preparations 
with acetic-picric acid renders the red blood-corpascles almost invisible. 
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the presence of a crenated inner line on the cutioi 
Antolisei and Angelini mention, and of which, anfortunatelj, 
without drawings no one can form a conception, has never been 
seen by me, and this makes me imagine that there exists a con- 
fusion between two things, i. e. membrane and blood-corpuscle 
residue. 

The membrane is not to be seen in all, bnt only in a relatively 
small number of specimens. Together with it there may be a 
broad blood-corpnscle residue which is sharply defined from it 
(see Plate 11, figs. 57—65, and Plate IV, figs. 63, 64). It 
remains also during the transformation of the crescent form into 
the spherical body, and gives to these bodies a peculiarity which 
differentiates them from the large spherical bodies of the pre- 
viously described forms (tertian and quartan parasites.) 

It has been already mentioned that these spherical bodies can 
very often be observed on their escape oat of the red blood- 
corpnscles. The disappearance of the membrane can also be 
connected with this occurrence, which probably takes place 
through rupture, orj indeed, the two processes may be separated 
from one another in point of time, and it is then seen how the 
torn membrane shrinks together into either a loop or a ring, 
whilst the remainder of the blood-corpuscle ia left immediately 
after by the spherical body. Even when these spherical bodies 
do not any longer possess a double contour, that ia when the 
membrane has ruptured, they are not always very sharply defined, 
so that it is easily possible to mistake them for other spherical 
bodies. This mistake, however, can be guarded against, espe- 
cially if the formation of flagella has occurred, by noting the little 
balls and ringlets which are often found at the periphery of the 
spherical bodies of the crescent series, and which, as we have seen, 
proceed partly from the residue of the blood-corpuscles, partly 
from the membrane which is rolled together, or also from a bit 
of protoplasm which has become separated. These little balls, 
which are found on the edge of the spherical bodies of the 
crescent series, were first described by Colli and Guarnieri (see 
Plate II, fig. 66), and said to be a budding — an idea which, as we 
have seen, was not accurate, and which has already been given 
up by the authors themselves. Lastly, these bodies very often 
send out flagella, thereby arriving at their last change. The 
procedures jnst described do not always occur with the same 
regularity ; many deviations in the order and in the method of 
escape from the capsule, &c., are observed, which present in part 
inexplicable appearances ; for instance, I have often observed that 
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the quiescent perfectly colourless residue of the blood-corpuscles 
is suddenly distended and coloured by haBmoglobin^ as if a stream 
of fluid from the parasite is driven into the empty sac of the 
blood-corpuscle. The margin of the blood-corpuscle is folded^ 
and then soon becomes tensely distended until it quite unexpect- 
edly disappears, and nothing remains of the form but a few 
hardly appreciable light yellowish droplets (see Plate II, figs. 62 
-^65). I will not describe the numerous modifications under 
which I have observed the escape of the spherical bodies ; they 
are details which up to the present are not explicable, and 
of which it is questionable whether they are to be cousidered as 
vital to the biology of the parasite. In any case, however, it is 
interesting to follow these changes under the microscope. It is 
difficult to fix them by means of drawings, for the alterations 
take place quite suddenly and with great rapidity. 

Apart from the metamorphosis of the crescent-shaped bodies 
into oval, spherical, and flagellated bodies, the segmentation of 
the crescents must be mentioned. This occtt/rs transversely, and 
usually through the middle of the body (see Plate lY, fig. 52). 
Orassi and Feletti [83] first mentioned this occurrence. I shall 
return presently to its probable significance, and the detailed 
structure of the crescents will also be dealt with subsequently. 

In fresh preparations appearances are sometimes seen in the 
crescents which must be considered to be processes of degenera- 
tion. They consist of the appearance of clear circles and spots, 
which alter their shape under the observer's eye ; they are often 
erroneously considered to be spores (see Plate IV, figs. 55, 56). 

Now that we have discussed the general morphology of the 
crescents, we will endeavour to answer the questions how the 
crescents arise, what they indicate, and what becomes of them. 

In order to comprehend these matters it is absolutely necessary 
to know the views of different investigators. We shall therefore 
go through them shortly in due order. 

Laveran, the discoverer of the malarial parasite, who gave in 
his very first publication an extremely good description of the 
crescent, did not express an opinion concerning their biological 
position, just as he chiefly elucidated the other varieties more 
from the morphological side. It must, however, be remembered 
that Laveran [18], in his book published in 1884, spoke of the 
crescents as "corps kystiques No. i, ou en croissant,^' and at 
another place in the same publication (page 109) inferred that 
they belonged to the protozoa because the malarial parasites 
occurred in free and in encysted conditions. We can therefore 
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summarise Lareran's view of the crescents thus — that he held 
them for cysts in which eventually the flagella were formecl 
(which Laveraii considered from the first to be the highest phase 
of development of the parasite).' 

Councilman [22] took up another view of the crescents, chiefly 
on account of their marked resistance to quhtine. He imagined 
that they were sporea. This view was held for a long time 
without any objection being raised, and gained strength because 
of its being known that in the ooccldia there are germs whic-h re- 
semble the crescents in form (the so-called "sickle-shaped germs"). 

In the meantime Marchifavs and Celli advanced the idea that 
this form of the parasite also, just as all the others, arises in the 
red blood-corpuscles, and, indeed, out of small amceboid parasites. 
These authors once observed under the microscope how a small 
parasite, lying at the margin, developed into a crescent -shaped 
body, by which process the blood-corpuscle gradually lost its 
colour.' 

So far as I know, no other investigator has been fortunate 
enough to observe this occurrence under the microscope ; general 
confirmation, however, was given to the discovery of the endo- 
corpuscular origin of the crescents, through which the importance 
of the line spanning over the concavity of the crescent described 
by Laveran was cleared up aa being the decolorised red blood- 
corpuscle. 

Councilman's view was attacked by Antolisei [S2], who found 
in the pigmented contents of the crescent a definite proof against 
the view that these bodies are spores. He considered, quite in 
opposition to Councilman, that the crescents were mature forms, 
whose fate it is to perish. Bignamiand Bastianelli [85] , building 
further upon this idea, expressed the opinion that the crescents 
are sterile deviation products of the amoeboid parasites, which 
perish without spores, and to which therefore no pathological 
importance can be attributed. It appears that Marchiafava and 
Celli [73] have adopted this view. 

A view which contradicted the opinions hitherto put forward 
is expressed by Canalis [39], for this author, who allows that the 
crescent proceeds out of the amceboid form, appears to have 
asserted that the spherical bodies of the crescent series produce 
spores. A drawing of one of these spore-forming figures can be 
seen in his work. However, no other observer has seen this mode 



' Also 9pe Laveran [84], p. ^84. He the 
e Bont vraisemblablement que des formes 
' Quoted from Celli and Guamieri [46], 
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of spore formation^ though so much effort has been expended in the 
search for it. My own efforts also in this direction have been in 
vain. 

There was much opposition to this view^ especially since Marchia- 
f ava and Colli have given their view^ explaining the spore formation 
of Canalis to be degenerative segmentation. 

While the authors so far mentioned are agreed on the single 
point that the crescents originate from the small amceboid para- 
sites^ which on their part may fall directly into spores (they are 
described under their special heading as pigmented and unpig- 
mented quotidian parasites, and as malignant tertian parasites), 
Grassi and Feletti [86] consider that this is not the case, but 
that the crescents originate from the amceboid parasites which 
are not capable of direct spore formation, but can only form 
creseentic bodies. They are, indeed, not to be distinguished 
morphologically from the amoeboid bodies above mentioned, 
though they are to be regarded, together with the crescent 
series, as a distinct genus. Grassi and Feletti distinguished 
this genus by the name Laverama, and the species of it appear- 
ing in man specially as Laverania malarise} 

I now turn to my own investigations. This short sketch 
shows sufficiently that the views concerning the origin, import- 
ance, and fate of the creseentic bodies are diametrically opposed 
to those of Laveran, and that further information concerning 
them is needed. 

From Laveran, Marchiafava, and Colli it is already known 
that several of the small amceboid unpigmented or slightly 
pigmented parasites are frequently found in a blood-corpuscle. 
Two or three of these parasites are very often seen lying in one 
blood-corpuscle, sometimes even five or six of them (see Plate lY, 
figs. 24, 26). They may occupy the blood-corpuscle either 
separated from one another, which is by far the most usual 
condition, or, as I have observed, two, or more rarely three, of 
the parasites may lie closely adhering to one another (see 
Plate rV, figs. 27 — 32). In fresh blood these conglomerate 
parasites, consisting of two to four specimens, cannot be recog- 
nised as such, for in these preparations one takes them to be 
large but single parasites, and it is only in properly stained pre* 
parations that the structural relations and the conditions of the 
bodies are cleared up. For in them we recognise clearly two 
nuclei, two nucleoli, and the protoplasmic bodies lying close 

> The following pages, as far as Chapter lY, are taken from a lecture which 
I [87] gave at the XI Congress fiir innere Medicin in Leipzig in 1892. 
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togetber. And it is probable that on this account thia frequently 
occarring conglomerate form, has np to the present not been 
mentioned by any investigator. These paired parasHef occupy 
usually the edge, less frequently the centre of the blood-corpuscle. 
They consist sometimes of large, sometimes of quite immature 
forms, and sometimes one also sees unequal-sized forms adhering 
to one another. In some pairs the protoplasmic membranes are 
clearly to be seen lying close to one another ; at other times 
they are hazy or hardly to be recognised, so that in the latter 
case one gets the impression that through coalescence the 
two parasites have produced a new form, which in its structure 
betrays its origin. 

The question now arises, what are these paired parasites to he 
considered ? Are we to regard it as accidental that the hfema- 
tozoa form pairs in this way, or have we to seek a biological fact 
in this formation ? 

If we glance at those classes of the animal kingdom into which 
different investigators seek to place the malarial parasite and 
such like blood-parasites of certain animals, especially if we look 
at the sarcodina, sporozoa, and flagellata, we find the process of coti- 
jugaiion very frequent, two or moi-e units lying close together, 
and either completely or partially coalescing. Thereby the original 
structure of the single body is more or less lost, the nuclei espe- 
cially, as a rule, entirely disappearing. Sooner or later a mem- 
brane forms itself around the fused bodies, by which they are en- 
capsuled or encysted. The further changes which these conjuga- 
tion products (called by zoologists syzygies) undergo is usually the 
formation of spores, so that it appears to be justifiable to look 
upon the syzygies as a species of sexual mingling of the protozoa. 
The further fate of the syzygies has in many cases remained un- 
explained up to the present, and it is for further investigation to 
ascertain whether the conjugation is always followed by reproduc- 
tion or not. 

Returning now to the paired amccboid malarial parasites, the 
analogy of the zoological facts just mentioned must lead us to 
the opinion that wo have possibly here to do with a process of 
conjugation, or with the formation of syzygies. A glance at two 
partially developed forms thus conjugating brings us still nearer 
to a resemblance to the crescents, especially when the pair, as is 
generally the case, is situated at the margin of the blood-cor- 
puscle : the outer contour of both parasites frequently coalesces 
without interruption, and falls together with the edge of the blood- 
corpuscle; the ianercontour is often of a concave shape. Tothismay 
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lie nHH Oat Ae length of the conjugating bodies often oompletelj 
eoincidet vitk Hmt of a crescent^ and then, further, the fact that 
ilie chief ^ms of the protoplasm is to be fonnd at both pole«, 
whereby the w^-known polar staining of the crescent would hti 
expUned ; in m wc»d, if only a few pigment granuU4f were j/re^mi 
(he etmjmgmtiam farm might be an immature creeceni} 

Notwitlutlaiiding this similarity, one could hardly maintain that 
the tioBrciirir bodies were syzygies of the amoeboid rarietieii if 
other foitrible grounds for this view did not endorse it. Bui the 
foDowing points I consider conclusive : — i. I%« memlrancu* /(/T" 
matum of the crescent. 2. The structural details of the crest^ent. 
3. ThefonsuUion and distribution of the pigment in it. 4. fj^^y. 
mentaiiom. 

1. With reference to the membrane of the crescent, and to the 
spherical body belonging to it, I have already in amHber place 
sought to bring forward the proof that such is present ; it has 
also already been pointed out that this is the only variety of the 
malarial parasite which possesses a membrane, and I believe that 
this fact alone points to the biological difference of this iKxly from 
all other varieties. Now we have seen above that the formation 
of syzygies is also invariably followed by ency station. 

2. The structure of the crescent does not vary much from the 
structure of the amoeboid varieties out of which it springs ; and, on 
the other hand, crescents are often found which by their structure 
clearly point to their origin out of two component parts. 

Celli and Guamieri have pointed out that the crescents only 
stain slightly and diffusely, and that only at the poles ; further, 
that here and there one or two granules near the middle of the 
body take on a darker stain. In regard to this, my investiga- 
tions show as follows : the immature crescents — that is to say, those 
in which the pigment in the finest granules is distributed along 
the whole of the body — take on an even pale stain in the interior ; 
whereas the poles and also the peripheral zone are stained some- 
what more darkly. In mature parasites, known as such because 
the pigment is concentrated into one or two masses, either in the 
middle of the crescent or chiefly at a pole, we see with hardly any 
exception the bipartite character again indicated, because, apart from 
the stained poles and edge, there is now also a transverse portion 
over which the pigment lies, which is stained deeply, and which 
divides the crescent into two symmetrical parts. To this may be 
added that the interior of both Umbs remains almost colourless, and 

> In Plate IV, fig. 32, is a drawing of a syzygy in which there are already 
several pigment gpranules ; the resemblance to a crescent is here reiy great. 



292 MALARIAL PARABITE8. 

that underneath the pigment in the transverse bridge two dartly 
stained points appear. These points are not often seen in ordinary 
preparations because they are usnally hidden underneath the pig- 
ment, bnt if this is dissolved by placing the preparation for several 
hours in a weak solution of ammonia, it can then be demonstrated 
in nnraerons mature specimens, which in consequence of this 
treatment are more slightly stained (see Plate IV, figs. 33 and 
34). Such a mature crescent, freed from pigment, looks remark- 
ably like the conjugation form with which we started ; the small 
difference between the two appearances consists in the fact that 
in the crescent the protoplasmic mass, especially at the boundary 
of the two units (transverse bridge], has become thicker, and 
that the nucleoli have lost both in size and chromatic properties. 

3. Concerning the origin avd arrangement of pigmetit in ihe 
crescentie bodies, I am of the opinion that by the conjunction of 
the two conjugating parasites a really heightened vitality is deve- 
loped in them, which manifests itself in the rapid formation of 
pigment, and the corresponding decolorisation of the blood-cor- 
pnscles. Whereas the amoeboid forms are faintly, if at all, pig- 
mented, more or less pigment is always found in the crescents ; 
it appears in single scattered grains and rods, jnst as in the forms 
of the tertian and quartan fever types. In the fresh condition 
these scattered pigment granules are seen to make a slight tre- 
mulous motion within the crescent ; they often also slowly change 
their position in consequence of protoplasmic waves, and form 
thereby ever-changing groups. In the concentrated pigment, how- 
ever, movement is never seen. The pigment becomes concentrated 
in the mature crescents, corresponding to the conditions seen in ths 
forms of the regular type ; this takes place, indeed, in a way which 
once more proves the bipartite nature of the crescent. The 
granules withdraw from both limbs towards the middle in such a 
way that at a certain point of time they form a figure of 8. If the 
concentration proceeds further two little heaps are formed corre- 
spondingly in both limbs, which very often remain lying sepa- 
rated from one another, or may be at length compressed into a 
single heap. 

The figure of 8 arrangement of the pigment is such an ex- 
ceedingly prevalent one that it cannot be doubted that in each 
limb of the crescent the grouping is caused by separate waves, 
to that this circumstance again indicates the bipartite nature of tht 
crescent. 

In regard to those crescents in which the concentration of the 
pigment is not in the middle of the body, bnt is situated nearer 
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to one or other pole (see Plate lY^ figs. 42 and 50)^ it may be 
taken for granted that this arrangement proceeds from the con- 
jugation (as described above) of two units unequal in size. 

4. I have often been able to observe the transverse segmental 
Han of the crescent, which has also received attention from Grassi 
and Feletti. The segmentation is especially frequent through 
the middle of the body^ as if produced by constriction^ so that 
before complete separation the two parts of this body hang 
together like a pair of sausages ; to each part some of the 
pigment remains attached. 

These segmented bodies possess dark-coloured granulated 
contents. It is in the highest degree probable that the segmen- 
tation and the dark-coloured granules^ which are often present 
in great number^ have some connection with reproduction^ but up 
to the present time this has not been proved. 

I only draw one conclusion from the segmentation of the bodies^ 
— that through it the bipartite character of the crescent is again 
proved. 

From all this we see that the process of the crescent-shaped 
bodies from two or four conjugated amoeboid parasites receives 
substantial support in the morphological as well as in the 
biological behaviour of the different phases of development ; and 
I believe^ on the ground of the facts brought forward^ that the 
crescents may be described as syzygies of the malarial parasites. 

With this conception much with regard to the mysterious 
behaviour of these bodies becomes clearer than before. 

The size and form of the crescent as opposed to that of the 
amoeboid varieties are by this means at once rendered clear^ the 
somewhat later entrance into the blood becomes comprehensible^ 
as also the long and apparently unchanged continuance after the 
attacks^ the resistance to quinine^ and^ lastly, the fact of the 
inner structure being so totally different from all other forms of 
parasites. 

The fact that the crescent throughout its entire existence 
retains the bipartite character leads to the assumption that there 
must be a so-called " pseudo-conjugation '^ when no thorough 
coalescence of the conjugating bodies takes place, but only a 
limited interchange. Further investigation remains to be carried 
out in order to learn the details of this process, namely, the fate 
of the segmented bodies. 

Clinical experience also agrees much better with the supposition 
just brought forward than with all other views on the nature of 
the crescent hitherto held. 
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We know that patients who have these bodies in their bloo 
appear to be free from mala-ria during long intervals (although 
they are always aneemic), but that they from time to time, 
at periods of from two to three weeks, have fresh attacks 
(relapses) . 

This fact, which has been corroborated in many cases, does 
not agree with the opinion of Bignami and Bastianelli that the 
crescents are " degeneration forms," and therefore these authors 
are compelled to accept the idea that from the directly formed 
spores (first cycle of Oanalis] of the amceboid varieties a number 
remain latent in the marrow, and after two or three weeks awake 
to new life, having been in the meantime absorbed by macrophagi 
and liberated again. This hypothesis appears very improbable. 

The resistance of the crescent to qoinine is also very unfavor- 
able to the degeneration hypothesis ; and so is, lastly, the circnm- 
stance that crescents are so seldom to be fonnd in phagocytes, 
whose function it is to clear away all dead residue from the circu- 
lation as quickly as possible. 

Professor Metschnikoff, to whom I had the honour of demon- 
strating some of my preparations at the Congress fur innere 
Medicin at Leipzig, was kind enough to call my attention to the fact 
that one need not consider the paired amoeboid little bodies as 
necessarily the conjugation between two single units, but that 
one must also consider the possibility of the division into two 
halves of a larger parasite. In consequence of this suggestion 
I gave, during this last summer, very careful attaation to fresh pre- 
parations, especially to the double invasion of the blood -corpuscles, 
viewing them for long periods in order to see whether one conld 
not observe the process of coalescence of two parasites. My 
efforts were successful, for I was able to see repeatedly how two 
parasites coalesced and formed a larger body. In Plate II, 
figs. 53 — 55, such a process is depicted. 

After this there can be no further doubt that the amoeboid 
parasites coalescing with eaoh other can form larger bodies ; 
that these latter become the crescents also seems to me, after the 



foregoing arguments, as in the highest degree probable. 



CHAPTER IV. 

OONOBBNING THE UNITY OB PLURALITY OP THE PARASITE. 
Species of Parasites and Fever Types. 

Thi qnestioiiB around which the chief interest of the investi- 
gators of malaria has been concentrated daring the past few 
yearSj and which still divide them into two groups^ are that of the 
unity and phiraKty of the malarial virus — that is to say^ the 
malarial parasites^ — and that of the relation of the form of the 
parasite to the type of the fever. 

The one party^ headed by Laveran^ defend the view that the 
malarial parasite is an individual species whose various shapes 
are brought about by polymorphism^ and that the different types 
of fever are not caused by different species of parasites^ but by a 
changing individual condition of the organism attacked, the cause 
of which is not yet known. Laveran [88] writes in his mono- 
graph, in i8gi, regarding this (page 130), ^^Le parasite est 
unique, mais son Evolution est variable.'^ He supports his view 
by the microscopical results obtained from numerous cases of 
malaria in which there did not appear to be any parallel between 
the type of fever and the form of the parasite. 

The other party, which may be called the Italian party, believe 
in the presence of several genera or species and varieties of para- 
sites, and hold fast the opinion that each type of fever (with 
certain limits to be mentioned presently) corresponds to a definite 
species. In details the individual investigators of the Italian 
school differ, and that considerably. 

Golgi, to whom the great credit belongs of having brought 
order out of the chaos of the forms described by earlier observers, 
and who confronted the clinical symptoms of disease with the 
cycle of development of the parasite, considers that a definite 
type of fever is invariably based upon a definite variety of the 
parasite. He seems, however, on the other hand, to allow the pos- 
sibility that one variety may transform itself into another, thereby 
recalling Laveran's theory of polymorphism. Marchiafava and 
Celli^ as well as their pupils, cannot give up the belief in a 



296 



MALARIAL PARASITES. 



single polymorphic organiam, and they support this view chiefly 
by the difference in the foi'ms of the parasites accordJDg to 
climate, to season, and to the occurrence of a change of type. 

Grassi and Feletti take up a decidedly radical view, dividing 
the malarial parasites of man into two genera — Rsimamceba and 
Laverania — and into five species (allowing, however, the occur- 
rence of variations) ; but they energetically deny the possibility 
that a definite species can be transformed into another, either 
through climatic or telluric conditions, or by any kind of indivi- 
dual predisposition of the patient attacked. 

If we would judge of the correctness of these various points of 
view, we must examine the proofs given by ihe representatives 
of the diverging views for the facts and reasons they bring 
forward. 

The comprehension of these somewhat complicated pros and 
cons, will be substantially facilitated if we first of all learn which 
groups they are which are regarded by the one set of investi- 
gators as independent species, and by the others as the polymor- 
phism of one species. 

Golgi, as already mentioned, was the one who, oat of the 
confusing multitude of bodies described by Laveran, Richard, 
Marchiafava, and CelU, which, appeared to have hardly any rela- 
tion to each other, distinguiBhed three groups which evidently 
differ from each other, and which appear to produce three different 
types of fever, Together with this division into three " varieties," 
and their relation to the type of fever, Golgi also first gave a 
picture of the development of two varieties with most miante 
accuracy, and so by means of this explanation of two questions 
an important simplification of the case was obtained. 

Golgi [34 and 89] first studied a large number of quartan 
fevers, and found that in all cases the same form of parasite 
always recurred, that its process of development proceeded 
regularly, and that the febrile paroxysm each time corresponded 
to the production of a new generation of parasites (segmentation 
or sporulation). Soon after, Golgi [90] became convinced from 
three cases of tertian fever that the parasites there present, and 
identical with each other, were nevertheless considerably different 
from the parasites which he bad previously studied in the quartan 
fevers. He later on, after repeated confirmatory observations 
[37], gave an accurate description of these differences, and also 
described the whole cycle of the development of the tertian 
parasite. Together with these two groups, Golgi described [91] 
another group, the parasite» of tkf irregular fever, or the fev 
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long intervals, wliich is represented by Layeran's crescentic 
bodies. 

Grolgi, therefore, differentiates the varieties of parasites of the 
qiMrtan, tertian, and irregvlar {or long intervalled) types of fever. 
A general review of the characteristics of this group has already 
been given in previous sections ; it will be dealt with in detail 
below. It must be further mentioned that Golgi refers the 
quotidian fever to the presence of either two generations of the 
tertian or three generations of the quartan type of parasites^ which 
in their development are twenty-four hours distant from each 
other ; and that he further faces the possibility that^ through the 
infection of blood with several generations of the one or the other 
variety^ or of both varieties at the same time^ divided from each 
other by not twenty- four hours^ but by longer or shorter intervals, 
an irregular fever can take place, the aetiology of which must not 
be confounded with the irregular fevers of the third variety. 

Marchiafava and Celli [71] confirmed Golgi^s statements, in so 
far as they refer to the tertian and quartan parasite, in all details, 
but they later [38] gave as the special parasite of the irregular 
fever the small amcsboid forms from which the crescents are pro- 
duced, which they have studied for long and have repeatedly 
described. The irregular fever can be either of a continued or 
subcontinued type ; it may also occur in the form of a true 
quotidian. As Golgi described the cycle of development of the 
parasite of the tertian and quartan fevers, so in like manner 
Marchiafava and Celli have now described that of the small 
parasite of the pernicious fever called by them the summer or 
autumnal Roman fever. Very soon after this Canalis [39] followed 
witb a like description of the same variety of parasite, but with 
more attention to the crescentic bodies. 

In his later publication Golgi [91] confirms the small amoeboid 
parasites of the pernicious fever, and allows that they can also 
produce a quotidian fever, although much less frequently than 
the tertian and quartan parasites. 

Marchiafava and Celli [92] in various places clearly enunciate 
their view that the various forms belong to a polymorphic para- 
site. Amongst others they quote Celli [93], who gave his 
experience in this connection at the Tenth International Medical 
Congress in Berlin, that ^' according to our present knowledge it 
may still be assumed that the single, clinical, and epidemiological 
depiction of malaria is based upon a uniform individual parasite.^^ 

E. Antolisei [82] first strongly supported the view, upon the 
basis of inoculation experiments, that from a definite form of 
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parasites only the same kind invariably proceeds ; and soon after 
this opinion was taken up by Grassi and Feletti, since which time 
it has been energetically defended. 

As mentioned already, Grasei and Feletti diferentiate two 
gvnera, namely, the genus Hsemamceha and the genua Laverania. 
To the first genua they reckon four species — H. vialaris (quartan 
fever}, H. vivaai (tertian), H. precox (small amceboid pigmented 
forma of pemicions fever ; by the name " pernicious fever " the 
summer and autumnal fevers produced by the parasites whioh 
form crescents will be indicated in the sequel), H. immaculata 
(small amceboid unpigmented forms of the pernicious fever) ; to 
the genus Laverania the species Laverania malarias (creacentic 
bodies). As is seen, Grassi and Feletti not only divide the known 
varieties of parasites tnto eight species, bntthey separate also the 
smalt amoeboid and spore-forming bodies which are met with in 
the pernicious fevers from rh« crescents. This will be referred 
to later on in detail. 

If we inquire for the reason of these varions opinions about an 
apparently simple matter, we must consider in the first place thai 
the different authorities have had different material to investigate, 
and that their conclusions do not result from a perfectly homo- 
geneous base. Whereas Laveran in Constantine had at his dia- 
poaal severe tropical fevers, of which he says in his book 
p. 127] that it was very difficult to separate the regular and ir- 
regular fevers from one another, and that nearly every malarial 
attack commenced as a continued fever, Golgi had in Favia 
almost exclusively only slight forms of typical tertian and qaartan 
fevers before him, and for a long time he found no opportunity of 
confirming the results obtained from pernicious fever, becansethe 
material at hia disposal only provided him with such cases very 
occasionally. The Homan authors have material which may be 
characterised as being between that available at Constantine 
and that at Pavia, so that they have opportunity to observe both 
typical and escedingly irregular and pernicious fever types. 

The results of this variation in the material investigated are 
clearly shown by the reports which Laveran and Golgi give of 
their cases ; while Laveran found in the blood of Algeriaa 
patients every possible form of parasite all together, in a com- 
plete mSlee, Golgi had the good fortune to obtain regular and 
typical results from his regular and typical fever material, so 
that we can underatand how it was that he and not Laveran was 
destined to recognise the grouping of the parasitic forms, and to 
determine their relation to the type of fever. 
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I find that I am in a better position than my colleagues to esti- 
mate the differences between Laveran and Golgi^ because^ on the 
one hand^ I had opportunity in Vienna of observing exclusively the 
mildest regular forms of fever^ and those not few in number ; 
and on the other hand^ through repeated and long residence in 
malarial districts^ I was able to study a very large number of the 
severe forms of fever. For instance^ I have never seen a cres- 
centic body in a single case occurring in Vienna^ whereas I have 
found them daily in numbers in the malarial districts. When one 
reads the observations made by colleagues in the German Empire 
(as far as they refer to malaria contracted locally)^ one fails to find 
in them any mention of the crescents or of the small amoeboid 
bodies. By this one fact — the absolute non-appearance of the 
crescents and of the small amceboid bodies in mild intermittent 
cases — an important division is indicated between the parasites of 
a regular mild intermittent ague and those of the pernicious fevers^ 
whether of medium or of great severity or irregular, and this divi- 
sion can hardly be bridged over with the polymorphism of an in- 
dividual species. But I will not anticipate^ but will endeavour to 
give the remaining reasons for the diverging views. 

Let us now ask the question — in what way can the definite cha- 
racter of certain parasitic forms^ that is their character as a true 
species, be proved T Our answer must be, — by a pure cultivation 
of each individual form with numerous inoculations, in order to fix 
definitely their morphological behaviour under difFerent external 
conditions of life ; in fact, by the method which, in bacteriology, 
clears up such questions with certainty, and from which we might 
also expect a definite solution in this case. 

But, unfortunately, the numerous efforts at cultivation which 
have been made with the malarial parasite have so far remained 
unsuccessful, and therefore proof has been robbed of her sharpest 
weapon and referred to surrogates, the use of which leaves much to 
be desired. The next best method to the saprophytic pure culture 
is cultivation in the human organism, that is the inoculation of 
patients from patients (the inoculation of malarial blood from men 
into animals has also been unsuccessful) ; and we will now consider 
the inoculation experiments which have been undertaken chiefly 
by Italians, and which are of importance in elucidating the point 
at issue. 

The table on page 300 shows the results of nineteen inoculation 
experiments made by different investigators ; the forms of para- 
sites, as well as the types of fever from which the patient suffered 
from whom the blood was taken, also the duration of incubation 
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and the resultiog forms of parasites and types of fever produced 
in the inoculated patients, are clearly shown. 

We wili first consider the parasitic forms which were fonnd in 
the blood of the inoculated individuals, together with the forms 
found in the patients from whom the blood was taken (and injected 
either hypodermically or into a vein). 

In seven experiments with quartan fever and the corresponding 
parasites (after Golgi), there were fonnd in four cases io the blood 
of the inoculated patients, solely identical forms, but in two cases, 
instead of these, there were found small unpigmented amtsboid 
bodies (in one case with crescents, in the other with a few pig- 
mented bodies) . In the seventh caae (No. 3 in the table) the micro- 
scopical investigation of the blood was not made. In seven in- 
oculations of tertian parasites, the same forms were exclusively 
demonstrated in each of the seven inoculated patients ; the same 
results occurred in three experiments made with crescentic bodies, 
in which were found, in the blood of the inoculated individuals, 
crescents with their immature forms, the small amceboid bodies. 
To sum up, in the sixteen accurately performed experiments, there was j 
in fourteen a complete resemblance between the/ormg of parasite in 
the source of the blood and those found in the inoculated individuals ; ' 
only in two cases were forms present which were not present in the 

If one tabes these results as they stand as a basis for farther 
considerations, the result would be that the transformation of one 

form of parasite into the other (especially the quartan parasite into 
the small amceboid bodies) — indeed, the polymorphic nature of the 
parasites — is proved. These experiments were, in fact, used by 
Laveran to lend an appareutlyirrefutable support tohisview. With 
a closer knowledge of the circumstances, however, they lose much of 
their weight. Gualdi and Antolisei [94], in their later publication, 
say with regard to one of their cases of experimental quartan fever 
(Case 4 in the table) that the patients whose blood was used by 
them for three experiments (Cases 1 to 3 in the table) were not 
suffering for the first time from malarial fever, but that they 
Kad already suffered from very various types of fever. They had 
therefore taken the material for inoculation from a source which, 
according to our clinical as well as our parasitological experience, 
could not in any way be considered as a pure source. It has, 
indeed, been known for a long time that persons who have once 
acquired a severe form of malaria may, even after a long period 
and under the most favorable climatic conditions, be attacked 
again. These relapses in localities free from malartft are to be 
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explained only by the persistence of parasites possesBing i 
powers of resistance (probably the crescentic bodies) within 
certain tissues. It was very likely that those patients used br 
Grualdi and Antolisei as the source of their material, and who had 
continued to remain in a fever district, still retained in their 
blood a, few crescentic bodies from their former infectiona. 
This fact became apparent at the inoculation, when these bodies 
came into a favorable soil in the healthy inoculated individuals. 

That these few crescents which are supposed to have been pre- 
sent might have been overlooked by Gu aid i and Antolisei is a view 
which does not rG8ect upon their conscientiousness, for I and many 
other investigators of malaria have only been able, after repeated 
examination of long series of preparations, to find isolated creB- 
cents in cachectic patients who have long recovered from fever. 

Further, it appears that Gualdi and Antolisei, in ignorance of 
the critical nature of the experiment, did not subject the patients 
from whom they took the blood for a sufficiently longtime to that 
very strict microscopical control which, as we now know, is in such 
cases absolutely necessary ; at any rate, nothing appears in their 
report on this point. 

There still remains one more circumstance to discuss, which in- 
creases our doubts as to the correctness of the views brought 
forward, namely, the very remarkable fact that the few crescents 
(or small amceboid bodies) supposed to be present should be 
able so entirely to suppress the numerous quartan varieties, 
whose presence is well proved. 

Anyone practically experienced in bacteriology will not find 
this objection very convincing. It frequently occurs that in 
inoculations of what are supposed to be pure cultivations, results 
are obtained which deviate considerably from what was expected. 
A very few germs of an impure species may choke the numerous 
examples of another species which are present. How this occurs 
must be ascertained in each individual case, but such an occur- 
rence would lead no one to think in the very least of polymorphism. 
Again, we can point to another very remarkable fact which has 
been stated by Di Mattel [95]- He injected a man who had 
suffered for months from a quartan fever, and whose blood, as 
proved by repeated daily observations, contained only quartan 
parasites, with the blood of a patient who had been iufected for 
two months solely by crescentic bodies and their immature 
forms ; the result was that the quartan forms disappeared pom- 
pletely from the blood of the iitoculated man, and tn tlteir place 
the crescents and the corresponding fever appeared. Di Mattel 
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attempted in two other cases the reverse experiment. He injected 
into a patient with crescents in his bloody quartan parasites^ 
and in this case again the new arrivals supplanted the parasites 
which were formerly present. These are facts which give rise 
to various suggestions^ and which stimulate to fresh experiments. 
I have referred to them here, only to show that we are perfectly 
justified in doubting the weight of evidence provided by the first 
two experiments of Gualdi and Antolisei, and that we cannot in 
the meantime accept' the conclusions which Laveran has drawn 
from them. To prove the polymorphism of an organism, we must 
go as critically to work as was once done in the experiments 
with reference to spontaneous generation. The source of 
the inoculation material must be absolutely pure ; before the 
inoculation is undertaken the blood of the patient who is to form 
the source must be examined with the greatest care daily for 
weeks ; the same must be done with the blood of the patient 
to be experimented upon, and finally every suspicion of infection 
through the atmosphere must be avoided ; experiments which 
are undertaken in a place which is free from fever, as were those 
of Bein's, are doubtless the most valuable. 

We conclude from all the experiments mentioned here that they 
offer a highly unfavorable support to the idea of polymorphism j but, 
on the other hand, tJiey do prove it to be very probable that the indi- 
vidual form^ of parasites present true species which do not undergo a 
transformation into other forms. 

I do not need to remark that a perfectly certain decision of this 
question can only be based upon numerous experiments, and those 
experiments must be undertaken under the strict conditions 
mentioned above. 

Apart from these inoculations, which are almost as valuable as 
experiments by pure cultivation, there are clinical and epidemio- 
logical facts which indirectly, and with considerably less certainty, 
provide us with data on which to decide the question concerning 
the polymorphic or multiple nature of the virus. 

Clinical observation can aid us in this question, for it is possible 
to examine for long periods the blood of a patient who is not 
subjected to a fresh infection, in order to ascertain if the form of 
the parasites in the blood changes, or if they belong constantly 
to the same cycle of development. It is clear that only such 
patients can be chosen for this investigation who are suffering for 
the first time from malaria, and in whose blood from the first only 
the one kind — be it the quartan parasite or the crescent — is 
demonstrated. These observations of blood throughout weeks 
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I. Ac., true quotidian. 

I, &c., tertiana duplei (quotidian). 



3, Ac., quartana triplei (quotidiai 



o, &o., qiiartaua duplex. 



This differentiation of the quotidian fevers waa made when tho 
single attacks were of varying intensity, the attacks belonging 
together (in the series above, the attacks 1, 2, 3), being equally 
severe, or when the attacks occurred at different times of day, 
{for instauce, the attack 1 before noon, the attack 2 after noon). 
Concerning the theories which have been built up to explain the 
typical attacks often occurring with the punctuality of a well- 
regulated clock, we will not enlarge here. They were not 
satisfactory at the time of their origin, and since the discovery oE 
the malarial parasite they have hardly been discussed at all. 
They are now only of historical interest. 

Golgi explains the origin of a type in this way — that the tertian 
parasite completes its cycle of development in twice twenty-four 
hours, the quartan parasite completes its cycle in three times 
twenty- four hours, and that the paroxysm of fever itself coincides 
with the breaking down of the parasite into spores^ which, 
according to the variety of parasite, occurs either every forty- 
eight or every seventy-two hours. 

If two generations of the tertian parasite are in the blood, or 
three generations of the quartan parasite, which in their develop- 
ment are always separated from one another by twenty-four hours, 
then a regular quotidian ague occurs ; if the generations, however, 
are present either at irregular intervals or in greater number, 
then the fever will be as irregular in type as are these conditions. 
As already mentioned, it ha,a been found by Marchiafava and 
Celli that there is a true quotidian fever, that is to say a fever 
resulting from parasites which complete their cycle of develop- 
ment in twenty-four hours, sometimes still faster ; now several 
generations of these parasites can also be present in the blood 
simultaneously, and cause in that case respectively, either a 
remittent, continued, or irregular fever. Lastly, Marohiafava 
and Bignami [99, 100] have reported quite recently that there is 
a still further species of parasite which produces a tme'tertian 
fever, and that it is differentiated from the ordinary tertian 
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(Grolgi), and can take on a pernicious character. The parasites 
of this malignant summer tertian fever differentiate themselves 
from those of the mild tertian^ amongst other things, in that they 
form crescents, as do the quotidian parasites. 

In the following table the assertions brought forward by the 
Italian investigators are clearly shown. 

But before we commence to examine how far Golgi's state- 
ments are confirmed or disputed, we must mention a fact which 
it is necessary to know, especially in connection with the cases 
of mixed infections ; this is that certain forms of parasites, 
even in considerable numbers, may be present in the blood 
without necessarily, at any rate for a short time, producing 
fever. These forms are the crescentic bodies. As long as only 
crescents are in the blood the fever is usually completely absent. 
Indeed, I have even met with cases in which, as well as the 
crescents, there have been quite a number of small amoeboid 
bodies (immature forms of the crescent) without the patient expe- 
riencing the slightest fever. I mention this fact here because it 
does away with quite a number of objections which Laveran has 
held against Golgi's views. Whereas the Italian investigators 
have, almost without exception, confirmed the discovery con- 
cerning the relation between the forms of parasite and the types 
of fever, Laveran maintains a decided opposition. He brings 
forward a large number of results as the reason for his opinion, 
which we have now to some extent to elucidate. 



Table II. — Variety of Parasite and Type of Fever. 



Type of feyer. 



Quartan 



Can be ascertained by the species of parasite fonnd in the blood. 



Only and alone by one generation of the quartan parasite 
(Golgi). 



Tertian 



1. By one generation of the tertian parasite ((3k>lgi). Light 

form of tertian fever. 

2. By one generation of the malignant tertian parasite (Mar- 

chiafava and Bignami). 



Quotidian 



1. By one generation of quotidian parasites (Marchia£EiTa and 

Celli). 

2. By two venerations of tertian parasites (with a 24 -hour 

interval). 

3. By three generations of quartan parasites (with a 24-hour 

interval). 





308 MALARIA.L PARASITES. ^H 
Table II {continued). 


1 




T,p.rff.v„- 






Oontinnoaa 
ferer 


1. By several genei-ationH of quotidian parasites. 

a. Bj several numerous generations of quartan and tertian 
parasites (very rarely from malignant tertian para- 
sites). 


Irregular 
feTer 


1. By several generations of quotidian parasites. 

2. Bj several generations of quartan and tertian paraaites, 

which do not stand in a J4-hour interval to one another. 

3. By the presence of several species (for example, tertian 

parasites and quotidian parasites of one or more gene- 
rations) ; also by mixed inftctiotit. 




We turn in the first place to the quartan fever, which, as ifl 
seen in the table, can, according to Golgi, be produced solely 
Tom the quartan parasite. In connection with this, there obtains 
amongst all the Italian investigators a clear decided opinion. I , 
myself have little experience with the quartan fever, becanse it 
belongs to the rarities in the fever districts which I have visited, 
whilst the tertian and malignant fevers are very nunierons ; the 
Eew cases in which I have found quartan parasites were cases of 
mixed infection with irregular types of fever or multiple infection 
with quartan parasites, so that I am not able to give from 
personal experience a definite opinion on the point under eon- 
uideration. On the other hand, detailed histories of patients of 
Golgi's are to hand which show the mechanism of the quartan 
fever to be the simplest and most punctual of all types of fever. 

Laveran quotes in his book [88, p. 140] five cases of quartan 
fever. In three of them he found spherical bodies (in two also 
segmentation bodies), in the fourth spherical bodies, crescents and 
flagella, in the fifth crescents only. Unfortunately Laveran gives 
no detailed description of the characters of the " spherical bodies," 
and this is a great omission, for spherical bodies occur in all 
species of parasites, and it requires a detailed description of their 
appearance (movement, arrangement of the pigment, double 
contour) in order to form an opinion asto which species they belong. 
In the first three cases this omission is of less importance, for in 
them only spherical bodies were present and they may well be 
considered as belonging to the quartan parasite; the fourth case 
(crescents and spherical bodies) is only, according to the history, 
a case of quartan fever [loc. cit., p. 254] ; Laveran himself had 
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only observed a single attack. I therefore hold this case as 
inconclusive. In the fifth case (crescentic bodies) an attack was 
observed on the 19th of November in the afternoon, when the 
temperature reached in the evening 3S'8° C. (ior8° F.), A 
second attack occurred on November 22nd in the morning (with 
the same temperature) . It must be agreed with me that this case 
also cannot be recognised as a typical quartan fever, especially 
when we hear that the patient in qnestion had suffered five weeks 
previously from a Continua typhosa ; it is far more probable that 
it was an irregular relapse, as often happens in pernicious fevers 
and which in this case for once took on a type resembling quartan 
fever. With such hazy cases Golgi's reports, which are based 
upon classical typical cases observed for days and weeks, in no 
case are depreciated. 

Turning now to the discussion of the tertian fever, as the table 
shows, it is, according to Golgi, produced solely by tertian parasites ; 
Marchiafava and Bignami recently report that still a second species 
exists with crescents which can likewise cause a tertian fever with 
pernicious symptoms. I have myself described, out of thirty cases 
of simple tertian fever, twenty-three in which I saw Golgi's tertian 
parasites and seven in which I found small pigmented amtnboid 
crescent-forming parasites, which Marchiafava and Bignami de- 
scribe as the cause of the malignant tertian fever. 

Marchiafava and Bignami's pernicious tertian parasite has not 
yet been confirmed by other authors, and for this reason we shall 
here turn onr attention solely to Golgi's mild tertian parasite. 

In Italy Golgi's views regarding this form have received com- 
plete confirmation. In Laveran's work, on the other hand, we 
find only a series of cases with differing results noted. In thirteen 
tertian fevers Laveran found in six cases spherical bodies with 
fiagella and no crescents (probably Golgi's tertian parasite), in 
three cases crescents with spherical bodies, and in two crescents 
only. I pass over the first six cases, as they do not contra- 
dict Golgi's views. The five cases with crescents and " spherical 
bodies " are difficult to judge of, because we are again left in 
doubt as to what kind of spherical bodies were present. The 
report of the cases shows us, however, that here again the diagnosis 
does not rest upon his own observation but is obtained from the 
history of the case, a proceeding which is perfectly unreliable, 
because the patients themselves cannot judge whether they have 
fever or not. I have very frequently seen malarial patients who 
expressed themselves as perfectly well with a very high tempera- 
ture, even indeed denying that they were feverish. 
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In reference to the two cases in which Lavera^^ 
creacentic bodies, the same remark applies. In the one {Case 28) 
there was a single attack (without the temperature being given) ; 
in the other (Case 30), as long as the crescents were present no 
single attack had been observed.^ 

After all this, we must admit that Golgi'a views regarding the 
tertian fevers have not been depreciated. 

In quotidian fevers the correspondence between the species o£ 
parasite and the type of fever is more difhcult to demonstrate, 
because, as the table shows, this fever may originate in three 
different ways ; in this case one must not only have the species of 
parasite in view, but it is also necessary to ascertain how many 
generations of the parasite present each time are circulating in the 
blood. The presence of several generations is recognised by the 
fact that the individual parasites do not keep equal pace in their 
development, but that, for instance, whilst part of them are 
already occupied in spore- formation, or are near to it, another 
portion is only filling up a third part of the red blood- corpuscles ; 
when this occurs in relation, to the t-ertian parasite, as it does in 
fact in Plate I, fig. h, then we have to do with two generations of 
this parasite circulating in the blood, namely, with a form of 
quotidian fever — the double tertian. 

In a great number of double tertians I have been able to con- 
firm the condition which Golgi has described ; the slight apparent 
variations which occurred here will be discussed later. 

The irregular fevers, still less than the quotidian, give a suit- 
able material for the solution of the question engaging our 
attention, for these fevers can originate in very many ways (see 
the table) ; they have ju»t a» little as tke quotidian fever a specific 
character, and can onhj then he measured in their importance when 
an accurate microscopical investigation of the blood has been made. 
We have seen, so far, that tke quartan fever is always produced by 
one and the some species of parasite, that the tertian fever, iji the 
majority of cases, is called forth by Golgi' s tertian parasite, hut that 
'still a second species may cause it. 

The consideration of the results of inoculation of blood of 
fever patients into healthy persons, as shown in Table I, is just 
as important as is the direct correspondence of the form of para- 
site and type of fever. Omitting the first two cases because, as 
has been esplained, they are not reliable, we find in the remaining 
seventeen cases the following results ; — From five cases ot quartan 

' It is, indeed, not impoBsible that both thcae cases, as also the other five 
cases, might have been caused hy maligaant tertian parasites. 
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fever^ all five inoculated individuals suffered from quartan fever ; 
from four tertian sources^ twice tertian^ once quotidian, and once 
mixed (tertian and quotidian alternating) resulted; from five 
quotidian cases, three times quotidian, once tertian, and once a 
mixed type (quotidian and tertian) occurred ; and from three cases 
with crescentic bodies, irregular types resulted three times. 

It is clear from these results that the quartan and irregular 
types have always given the expected results; varying results 
have been obtained by inoculations from quotidian and tertian 
fevers. These variations we shall at once recognise as only apparent 
when we see that]the three quotidian cases from which Bein [loi] 
inoculated had tertian parasites, that they were therefore really 
double tertians, the most frequently occurring combination ; in the 
one inoculation (No. 13) the inoculated individual received into his 
blood two generations, and there consequently followed the 
quotidian type ; in the second case (No. 14), in consequence of the 
inoculation one generation was evidently destroyed, and therefore 
only a tertian fever was produced. The third case with a mixed 
type (first tertian, then quotidian), is to be explained by the fact 
that the one generation was becoming enervated. In like manner 
the results from the two cases of tertian fever (Nos. 5 and 12) 
are to be understood. 

If Bein, by his experiments, intended to upset Golgi's laws, he 
has therefore completely failed, and has indeed only confirmed 
them by further proofs. Only if he from a pure quartan could 
have produced a pure tertian, or vice versa, would the result have 
been fatal to Golgi's theory.^ Bein's error is all the more strange 
because Golgi has repeatedly and precisely published his views on 
the subject of the relation of the quotidian to the tertian as well 
as to the quartan. Bein would certainly not have fallen into 
this error if he had accurately investigated the number of the 
generations in the blood of the patients. In this respect the 
history of his patients is unfortunately without any information. 

From ths results and experiments here discussed, we may draw 
the conclusion that between the types of fever and the species of 
parasites an indisputable relation exists ; it is especially striking 
that the quartan fever is always caused by the quartan parasite, 
the tertian fever most frequently by Golgi's tertian parasite. 

The quotidian and the regular fevers, as well as certain details 
concerning their relative bearings, will be considered at length 
subsequently. 

^ Such a result from an inoculation has, up to the present, not been forth- 
coming. 
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NOMENCLATUEE. 

No unanimons opinion has yet been formulated as to the posi- 
tion of the malarial parasite in the zoological system ; notj 
indeed, because the decision of this question has been in the 
hands of medical investigators who were not specially qualified 
to deal with the question, for zoologists of prominence, such as 
MetschnikofF, Dauilewsky, and Grassi h&ve worked with the para- 
site, but because the malarial parasites, and with them the 
heemo-parasites, which have been discovered during the last few 
years in cold-blooded animals and birds, possess peculiarities 
which, although nearly related to already known and classified 
species, are, notwithstanding, differentiated from them in such a 
characteristic manner that it wonld be straining a point if they 
were put into the class of any of these different species. The 
first who gave an opinion aa to the position of the malarial 
parasite was Metsehnikoff [32] , who placed it among the Sporozoa, 
in the genus Coecidium, in close relationship with Klossia aoror, 
a Coceidiu7)i inhabiting the epithelial cells of the snail's kidney. 
He proposed for it the name of Hmmalophyllum malarite. 
Laveran agreed with Metsehnikoff, and in his last publication 
fully upheld his views. In the meantime an opposition arose to 
^ this idea in Italy, for Antolisei [82] denied that the parasite 

^h belonged to the Sporozoa, and classed it with the Gymnomyxa 

^H [Proteomyxa, Kay Lankester). At the same time, Grassi and 

^H Feletti [47] expressed the idea that the parasite was an Amoeba 

^^1 belonging to the Bhizopods. 

^^ft Danilewsky found in the blood of birds endocorpuscular para- 

^^H sites which are in some respects like the malarial parasites of man. 
^^H He did not give a definite opinion as to their systematic place, 
^^M but thought that they were best classed with the Sporozoa, and 
^^M proposed to form for them a new group — HiEmosporidia. 
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Knise believes that the malarial parasites belong rather to the 
genas Oregarina than to the Oocddium. 

Among the difficulties which were created by the characteristic 
peculiarities differentiating the malarial parasite from every other 
known species^ the circumstance that the second half of the life 
of this organism, namely that which it passes external to the 
human or animal body, is completely unknown, is of great weight, 
and it will hardly be possible to obtain all the requisite informa- 
tion for the purposes of classification before this is ascertained. 

At this place, therefore, I shall avoid dealing with the general 
question of the classification of the malarial parasite, and shall 
limit myself to considering the most important points of view 
which are at the present held by different investigators. 

Let us ask first what grounds there are for placing the 
malarial parasite and the similar parasites in the blood of birds 
and amphibians, as do Grassi and Feletti, among the Sarcodina, 
and more particularly among the Bhizopoda, sub-class Amoebaea ? 
First, their amoeboid movement ; second, their reproduction by 
the formation of naked spores which as such, without undergoing 
alteration in contents or form, represent the immature stage of 
the mother organism, aud commence a new cycle of development. 

The amoeboid movement characterises, however, only some 
varieties of the parasites and only at a certain stage ; as has 
already been pointed out at the proper place, a well-marked 
movement is only shown in the immature forms of the tertian 
and quotidian parasites, whereas in the quartan parasite it is 
only seen when upon the warm stage ; in the parasites of birds 
only a slight movement is to be demonstrated, and this is often 
completely absent. 

It is even of greater importance to note that the crescentic 
bodies in man show no movement whatever ; they can only alter 
their form in a Umited manner by straightening or bending 
themselves or by appearing as fusiform or spherical bodies; 
these alterations occur exceedingly slowly, without ever showing 
amoeboid movement (projection of pseudopodia). Those parasites 
of the amphibians and birds which, at any rate in their external 
form, resemble the crescentic bodies of man, and which therefore 
have been compared to them, possess, if any movement at all, a 
worm-like one, known well in the Ghregarinae, and not observed in 
the Bhizopoda. 

We see already, therefore, that the reason for classifying the 
blood-parasites with the Amosbsea falls to the ground. Also the 
supposition that reproduction by formation of naked spores takes 
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place in the malarial parasites is open to several objections, 
far no one has observed that a freed spore, either of the tertian 
or quartan parasite, has become amceboid ; I have kept matnre 
spore-forming bodies, in which the spores had already separated 
from one another under favorable conditions (warm stage, oxygen 
and moist chambers) for forty-eight hours and longer nnder the 
microscope, and I have never succeeded in noticing a movement 
in the spores. The poasibility may still be admitted that the 
spores, before they form yoang amceboid parasites, pass through 
an intermediate stage. As above mentioned, Celli and Guamieri 
(later also Plehn) believed they saw spores in the protoplasm 
which swarmed by means of the flagella ; these forms recall the 
swarming spores of Protomyxa, which Haeckel has observed, or 
the zoospores of the Mi/.romycetes, but no nucleus has been stained in 
them, wherefore I rather look upon them as products of degene- 
ration of the large varieties. It must be further called to mind 
that Antolisei has observed in the spores of the quartau parasites 
a double contour, that is a thicker membrane, which renders the 
naked character of this spore less probable. 

This, as we have seen, rather meagre argument for the parasites 
of the blood-corpuacles belonging to the amcebtea, has other facts 
to contend with which still More militate against its probability. 
The weightiest of these facts is that the malarial parasite is 
necessarily a cell-parasite, whereas none of the amoebeea are known 
to be such, although one frequently finds soch amcebn^a as free 
living parasites, for instance in the intestinal canal of warm- and 
cold-blooded animals.' 

This circumstance forms a fundamental difference between the 
parasites of the blood-corpuscles and the amoebaja, and this could 
only be overcome when in all other aspects a perfect agreement 
from a morphological point of view was arrived at, which is 
by no means proved. We have already stated why we cannot 
consider the flagella of the malarial parasite as non-characteristic 
" agony products," as do Celli, Grassi, and Feletti, The flagella 
also do not accord with the appearance of the amcebsea, which 
do not possess them, at any rate in the form in which they are 
present in the haemoparasitea. 

When we weigh the facts brought forward in favour of and 
against the amoeboid nature of the blood-corpuscle parasites, we 
find that the balance is rather in support of the latter, — that is 

' I only once came acroae encb an obserration noted. It is taken from 
von Waldenburg (103)1 "ho once saw an amrabeea witliin an epitbeUal cell in 
the intestinal canal of a rabbit. 
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to say^ against Ghrassi and Felletti's opinion^ and that^ at any 
rate^ it remains doubtful whether the bodies in question are to 
be reckoned amongst the Sarcodina. 

The majority of authors are inclined to consider the blood- 
corpuscle parasites as Sporozoa, indeed Oocddia, and we will 
now try to ascertain how far this opinion is justifiable. 

The attribute of intra-cellalar life is very widespread in the 
GrregarinsB and Oocddia, and hence these forms agree very closely 
with* the hsBmoparasite in this important biological character. 
The movements shown by the malarial parasite^ even to the 
flagella, agree with those of the Grregarinse, which in their imma- 
ture condition may also be amoeboid, whereas the developed forms 
are either immobile or only possess the power of alteration of 
shape (which may be accompanied by the power of progression). 

There are, however, differences which must not be overlooked 
in morphological characters and in the method of reproduc- 
tion. With regard to the first, the Sporozoa are distinguished by 
a more or less developed cuticle. In the malarial parasites we 
can only demonstrate this distinctly in the crescentic bodies and 
in the spherical bodies which are produced by them ; mention 
must also be made of Antolisei's observation regarding the 
double contoured spores. We must, however, state generally 
that in the immature, and for the most part also in the developed, 
forms of the malarial parasite no vestige of a cuticle can be made 
out even with the highest powers. Only in specimens ready 
for sporing, as well as in those already mentioned, have I often 
seen a fine contour line, which, however, was always single, and 
therefore indicated an exceedingly thin cell membrane. 

The reproduction of the Gregarinse, and especially of the 
Coccidia, occurs after they have become encysted by the formation 
of more or less hard-shelled spores (so-called pseudonaviceUad or 
psorosperms), which in smaller or greater numbers are formed in 
the interior of the cysts. In the spores one or more sickle-shaped 
embryos develop, which, after creeping out, represent immature 
units, or the contents of the spore roll themselves together into 
an amoeboid-like moving embryo. 

When we examine the method of reproduction of the malarial 
parasite, we miss much of this typical spore-formation of the 
Sporozoa, To what extent an encystment is to be observed in 
the malarial parasite has just been indicated; excepting the 
crescents and their spherical bodies, one can hardly speak of 
cysts. So far as is already known, the formation of spores takes 
place directly without any previous formation of corticate psoro- 
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aperms or pseudonavicellse. Although there are not wanting 
statements concerning the direct spore -formation of non-encysted 
Sporozoa, as by Claparede, Lieberkiihn, and Giabrie! [105], these 
are not yet considered proved.' 

The want of sickle-shaped embryos (that the crescents, not- 
withstanding their sickle-sbaped form, have nothing to do with 
this han already been explained] can form no absolute objection 
to the malarial parasit* having the natnre of a Gregarina, i. e. 
Coccidivm, because in numerous species of this class the sickle- 
shaped bodies are also wanting. 

Further, I believe that vie are not justified in asserting 
definitely that the malarial spores do not form sickles; for we 
do not yet know the method by which these spores become new 
immature units, and it is just possible that they pass through a 
sickle stage. In this place also must be mentioned Bein's [lOi] 
observation of an extra-corpuscnlar, norm-like crawling form in 
the blood of malarial patients, for it may be that these are wander- 
ing germs. The report, however, requires confirmation, and above 
all the structure of the wandering form mnst be elucidated. 

We do not know what bearing the Sagella of the malarial 
parasites has upon this relationship with the Sporozoa, becaase 
such organs have not been observed in that class. 

Without wishing to solve the question of the systematic position 
of the malarial parasite, we must, after the previous statements, 
allow that many very important points of resemblance exist to 
favour the belief that the blood-corpuscle parasites are the 
Sporozoa, especially the Coreidia ; but that, on the Other hand, 
there are facts, although as would appear of a less weighty 
nature, which oppose this classification. 

We will now shortly notice two of the sub-classes of the 
Sporozoa, namely the Myxoeporidia and the Sareosporidia, in 
regard to their points of resemblance and differences when com- 
pared with the hsemoparaaites. 

The Myxosporidia or the so-called fish-p so ro sperms are found 
in nearly all the organs of 6sh (fresh-water and marine) infested 
by them, especially in the skin and the head, in the bladder, gall- 
' Jnet recently B. Pfeiffer [104] bas found in the Cooeidium ovifomue a 
method of reproduction which he terms endogenous spore-formation, and 
which consists in the young parasite, either within or without the epithelial 
cell, falling direct into a great number of sickle-Bbaped embryos, without 
being prerionsly encysted ; the embryos ai-e arranged like the segmentB of 
an orange. If thia fact finds confirmation, teaching concerning the Sporozoa, 
especially Cofcidium, will be ihoronghly modified, and the placing of the 
malarial parasite into this class favoured. 
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bladder^ in the kidney and spleen^ &o. They form cysts or 
naked protoplasmic masses in which Biitschli [io6] first demon- 
strated a great number of very small cell nuclei. This peculiarity 
appears to be characteristic of the Myxosporidia. According to 
Biitschli their reproduction takes place by the endogenous for- 
mation of clear protoplasmic bodies [sporohlaats) in which sickle- 
shaped spores are developed. The Myxosporidia appear not to be 
cell parasites^ but only to attach themselves externally to the 
cells^ thus differing from the blood parasites ; their mode of 
reproduction occurs in a similar way to that of the Coccidia, The 
numerous nitclei which the Myxosporidia contain form an essential 
diference from the hlood^arasites, for the malunal parasites have a 
single nucleus. 

Those bodies with many nuclei are also termed by zoologists 
Plasmodia, but this was a misnomer which has led to errors and to 
the confusion of heterogeneous ideas, so that Marchiafava and 
Colli have taken this name for the amoeboid immature forms of 
the malarial parasite; this unsuitably chosen description is at 
present so widely used, that its elimination and replacement by a 
more scientific appellation is hardly now to be expected. 

The Sarcosporidia (Miescher's or Rainey's '^ tubes '*) are fairly 
widely distributed parasites which are found in the primitive 
bundles of various striped muscles. They are specially found in 
the diaphragm, abdominal muscles, psoas, muscles of the eye, oeso- 
phagus and cardiac muscles of numerous animals, such as the pig, 
cow, sheep, goat, and deer. They are tubes which are surrounded 
by a membrane, and contain a large number of germs; the 
formation of these germs occurs continuonsly, and even begins 
in the youngest tubes. From this description it will be seen that 
there is no great resemblance between the Sarcosporidia and the 
malarial parasites; the chief resemblance consists in the fact 
that both are cell parasites. Active movement has not been 
proved with certainty in the Sarcosporidic germs. 

We must also refer to the parasitic tubes of Crustaceans, 
the Amcebidium parasiticum, Cienkowsky. They are ectoparasites 
which are found attached to small fresh-water Crustaceans, insect 
larvsB, &c. ; they have usually an elongated shape, and they also 
form tubes which possess a thin membrane ; a number of germs 
is seen in their interior. Their reproduction takes place either by 
the formation of fusiform bodies which subsequently divide into 
several amoeboid bodies or become in toto amoeboid, or by the 
direct division of the contents of the tube into a large number of 
amceboid bodies, the so-called zoospores. These then form cysts 
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which are surrounded by a very delicate membrane and then 
divide into fusiform bodies, or they pass for a time into a quiescent 
stage in which they are surrounded by a thicker envelope ; later 
the contents of this form also divide into immature organisms. 
These amcebidia deserve onr attention, because they divide 
directly into zoospores and becanse they have a double cycle of 
development — a procedure which also occurs in the malignant 
tertian parasites. 

On the contrary the Amcebidia are not cell parasites, but they 
only attach themselves to the bodies which they infest ; they are 
thus ectoparasites. 

If we finally shortly review the characteristics of the different 
classes and sub-classes, we must come to the concliision that the 
malarial parasites resemble all more or less, but that they are nol 
to be identified with any of them without straining. The greatest 
resemblance we find nevertheless between them and the Coccidia, 
both in a morphological and especially in a biological relation, for 
both are necessarily cell parasites. 

It will be for specialists to fix the systematic place of the 
htemoparasites when they have given stilt further carefnl study 
to the subject and, where possible, to their condition as external 
parasites, or to the second half of their parasitic life, for it is 
possible that these parasites have considerable importance, and 
that they generally have not a saprophytic existence. According 
to present knowledge, however, it may be with some certainty 
supposed that for these haemoparasites, which daily become more 
important in number and character, a sub-class of their own will 
have to bo formed called Htemosporidia^ which will be most 
suitably placed in the class Sporozoaida near to the sub-classes 
Gregarinida, Coccidia, Myxosporidia, and Sarcosporidia. 

We have before repeatedly called attention to the parasites 
in the blood- corpuscles of animals ; they present such special 
resemblance to the malarial parasites of man that several of them 
have been identified with these, as, for instance, the Polymitus 
avium by Danilewsky. If this identification has not been 
accepted by other authors, all are at any rate at one as to the 
near relationship between the animal and human parasites ; 
recently zoologists and several pathologists have occupied them- 
selves in investigating the heemoparasites of animals with the 
hope that these researches would be of service in the study of 
human pathology. 

This name wae first proposed bj Sonilewaky on account of the analogj 
jirith the terms ISyxotporid^a and Bareotporidia. 
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Although this hope has not yet been fulfilled^ becaase the 
attempts at transfer from animal to animal have been in nearly 
all cases nnsncoessfnl^ and also becaase the conditions of deve- 
lopment of various forms^ notwithstanding the ease in procuring 
the material^ do not appear to be perfectly cleared np^ 
nevertheless the direction followed promises to be fruitful in the 
future ; and we must also not neglect to give our attention to the 
blood-parasites of animals^ but only so far as it lends itself to the 
purposes of this book. To give a thorough explanation of all the 
discovered facts and the ideas coupled with them I do not think 
to be at the present time opportune^ because the work done at 
present is only fragmentary, and because no agreement has been 
come to even in apparently primary questions, so that if I 
referred to all the individual opinions it would tend rather to 
confuse than to aid my readers in the study of malaria. 

The first Oystozoa were discovered in 1874 in the blood of the 
rat by Osier [53] ; a like result was subsequently attained by 
Lewis [54]. General interest, however, was first taken in these 
bodies when Graule [55 — 57] found his ''little blood-worms'' 
in the blood-corpuscles of frogs, and soon after also in the blood- 
corpuscles of tritons and tortoises. These " little blood-worms,'' 
which Ghkule did not consider to be independent organisms, and to 
which he, as the " most active elements of the cell," gave the 
name of Oystozoa, were later and more thoroughly studied by 
Bay Lankester, and named by him Drepanidium ranarum. They 
are elongated, worm-like bodies, rather pointed at the ends, 
lying within the red blood-corpuscles, sometimes in pairs, 
wandering out from them under certain circumstances, and then 
actively bustling about in the protoplasm. Danilewsky [74 — 77] 
succeeded in finding similar bodies in the blood of Lacerta viridis, 
Laeerta agilia, and in the Emya lutaria. He found also in the 
red marrow of the thigh of the Emys the reproductive bodies of 
the Drepanidium ; they consist of endocorpuscular cysts in which 
the protoplasm divides into a large number of small sickle-shaped 
bodies; these are said to represent the immature forms of the 
Drepanidium, On the ground of this result Danilewsky speaks 
of the infection of the animals as of a psorosperming of the red 
blood-corpuscles. 

Boon after y Da/nilewslcy [77] discovered endocorpuscular para^sites 
in the blood of hirds, and their extraordinary resemblance to the 
malarial parasites described by Laveran led him to compare the 
two, and to identify them in certain respects with one another. 

Danilewsky, like Laveran, was not able at first to form a 
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consecutive biological cbaiu of the various phases of development 
of the different parasites which he so often met with at the same 
time in the blood, and in consequence he divided his discoveries 
in a way which took no account of the association of the forms in 
one cycle of development, and referred only to the passing ex- 
terna! form of the body. I would not refer to the nomenclature, 
already for the most part abandoned by Danilewsky,' were it not 
that in the discussion in which we are at present engaged 
concerning the parasites of animals it will frequently recur. 
This division is as follows ; 

1. Pseudovermiculi sanguinis {Hxmatozoa aporozoicn). — Under 
this description Danilewsky understands worm-Hke bodies in the 
blood which are either completely formed or which grow out of 
the spherical bodies ; the former possess a nucleus, are mostly 
thicker at one end than at the other, and show a similar move- 
ment to the Drejmniiliiim ra^iarum, which, indeed, they very 
much resemble. Danilewsky found them in the blood of the small 
woodpecker and the owl. In these birds a second form, the 
PseudovermicuH, was aiso seen ; it is a worm»like organism with 
a nucleus in the middle, which by transformation is developed out 
of spherical pigmented en docorpuscular bodies. Danilewsky 
identifies these forms with one another, because he believes 
the latter to be a previous stage of the former. Such mobile 
worm-like bodies have not yet been observed free in the proto- 
plasm in man ; in their external form they possess a similarity to 
Laveran'a crescentic bodies {and Danilewsky believes that they 
can be compared with them) : they are differentiated, however, 
from them by the constant presence of a nucleus, by their 
mobility, and by their method of development. 

2. Psendovacuola.' (Cyntozca). — These are the early stages of 
various Hiematozoa, and they resemble in appearance the 
immature forms of the malarial parasites ; they form dull hyaline 
specks on the blood-corpuacles, and are easily mistaken for 
vacuoles (consequently their name). While they displace the 
nuclens of their host always more and more to the side, and 
gradually devour the hEemoglobin, they store in themselves 
melanin granules, which tend to swarm in the larger examples. 
Danilewsky found such Cystmoa, though few in number, also in the 
white btood'corpitscles ; in this case they were naturally colourless. 

In a later work Danilewsky [iii] again refers to these Leuco- 
cytozoa, as he named the partisites of the white blood-corptuelen, and 

' Diinilewaky [77], in hie 'Parasitologie oompai'ee du sang,' indeed remarks 
pointedly that the nomenolature ia only provisional. 
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which are eapecially found in the owl ; and he says that these liodiea 
are able to leave the leucocytes, whereupon they project flagella. 

3. Polymitua sanguims avium. — Large spherical, endocorpus- 
cnlwr, pigmented (or, if coming from the Leucocytozoa, unpig- 
mented) bodies, possessing one flagellum or more. 

This form is found in numerous birds, most frequently in the 
small woodpecker, the roller, and the owl ; they very closely 
resemble the flagellated varieties of the malarial parasite (both 
those from the tertian spheroids and the spheroids of the 
crescentic series), and it is they which Danilewsky, who has 
referred ehiejfy to the flagellated bodies of Laveran, has idenfijUd 
with the mularial paraaitea. One must not think that Danilewsky 
considered the Polymitus and Pseudi>vacuolie as things which had 
nothing to do with one another, for the opposite idea, can be 
clearly gathered from his monograph — that the Polymitus repre- 
sents a later stage of the PBeiidovacuolx. 

4. Pseudospirilla. — Amongst these are freed flagella swimming 
about in the liquor sanguinis, just as they may be often seen in 
the malarial blood. 

5. Under this heading Danilewsky describes Trypanosoma 
sangjiinia, which, as an extra-corpn scalar parasite, does not come 
into the range of onr consideration. 

It may also be mentioned that Danilewsky considers it probable 
that the young brood is infected by their diseased parents whilst 
feeding, because he found the parasites only in the blood of nest- 
lings, although quite young birds have been proved non-infected. 
This opinion does not coincide with the generally accepted inha- 
lations-hypothesis of human malaria. 

In a yet later work Danilewsky [112] records further the 
interesting fact that the bird^, when the infection of their blood 
has reached a considerable degree, and especially when the apore- 
fvrming bodies of the Pseud vac uolse {the spore-forming bodies 
discovered by Danileioaley) are present, may exhibit acute symptoms 
of disease vrhich in severe cases result in the death of the bird. 

The discovery had for Danilewsky all the greater importance 
because throngh it not only the morphological and biological, but 
atsothe pathogenic similarity between the malarial parasites of man 
and those of the bird was proved. The birds which had fallen ill 
with " acute malaria " were magpies, ravens, jackdaws, and owla. 
The symptoms of disease were loss of appetite, weakness, eonae- 
timea convulsions, loss of weight, and rise in temperature of i to 
I '5°, In the blood of the diseased birds very numerous endocorpus- 
cnlar parasites were foand which completed their cycle of develop- 
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xnent in about three or four days. At first they form exceedingly 
small clear specks^ which lie at one pole of the oval blood- 
corpuscle (multiple infection is also frequent) ; later they show 
some pigment in their protoplasm, which is concentrated in the 
centre at the height of their development, but which does not 
ultimately cause the parasite to occupy more than a quarter to a 
third of the blood-corpuscle, for then the latter breaks up into 
fifteen to twenty small spores. 

These parasites, then, much resemble the quotidian parasites of 
man (the pernicious tertian parasites of Marchiafava and Bignami). 
The only differences are that the parasites of birds develop more 
slowly (in three to four days) ; that they form more numerous spores; 
and that, lastly, their immature forms possess no amoeboid move- 
ment, as is the case in those of man. For this last reason Dani- 
lewsky called them Cystoaporon malarix-avium, not Hmmamcaba. 
It is further remarkable that neither these nor the other parasites 
in the blood of birds are killed by quinine. 

Danilewsky [113] in his last publication differentiates an acute 
and a chronic malaria of birds : the first is caused by the Cysto* 
sporon malarisB, the second by the Polymitus amum and by the 
Psevdovermiculi ; but the description of the diseases shows, and 
Danilewsky himself partly acknowledges, that the differentiation 
is not complete and not always possible. His attempt to distin- 
guish between an acute and a chronic malaria in men is likely to 
meet with general opposition, for the commencement of every 
well-marked malarial infection is always acute ; subsequently 
either a complete cure may follow, or relapses may occur, or finally 
a cachexia may remain which is the product of malarial anaemia 
and the tissue changes caused by the previous infection. None 
of the conditions can be called " chronic malaria/' The division 
also of the Polymitxts (flagellated forms) from the spore-forming 
bodies does not apply to men, for we know that in them the 
flagellated bodies occur in the tertian parasite just as frequently 
as they do in the quotidian parasite (spherical bodies from the 
crescents) . 

The identification of the '* Pseudovermiculi " with the crescentic 
bodies is not so indisputable as Danilewsky appears to hold. 
Apart from the difference already mentioned between these two 
forms, it must also be considered that the pigment of the " Pseudo- 
vermiculi '' does not become concentrated in the centre as in the 
crescents, but that it always remains at the polar regions ; further, 
that ^^Pseudovermiculi'' do not change like the crescents into 
flagellated spherical bodies, but that they either retain their shape 
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or that they show a contraction which is completely anknown in 
the crescents ; lastly, the '' Pseudovermiculi '' in birds are much 
rarer than all the other Cystozoa, whereas the crescents in malaria 
in man form a frequent^ and in certain fevers a constant^ appear- 
ance. All this taken together shows that there are between these 
two forms so many differences that in the meantime their identity 
is extremely doubtful. 

In my opinion the Polymitus avium may be most nearly com- 
pared with the flagellated bodies of the tertian parasite^ for they 
are both evolved from spherical bodies. 

The pathologico-anatomical results of bird malaria consist, 
according to Danilewsky, in the enlargement of the spleen and 
in the pigmentation of the spleen and the liver. In ^' acute '* 
malaria these appearances are said to be less in degree than they 
are in chronic forms. 

Danilewsky's reports were followed immediately by the publi- 
cations of other investigators who had occupied themselves with 
the study of the hsBmoparasites of animals. Grassi and Feletti, 
Celli and Sanfelice, and Eanse have been very active in this 
direction, and we have to thank them for many valuable additions 
to our knowledge. Grassi and Feletti [114], in Sicily, found in 
the blood of sparrows {Passer hispaniolensis) and doves similar 
hsBmatozoa to those which Danilewsky had discovered in other 
birds. The number of the infected birds is said to be consider- 
able even in February, and in April and May hsBmoparasites 
were found in the blood of all birds investigated. 

Grassi and Feletti divided them into HsBmamceba and Laverania 
like the malarial parasites in man, and said that both genera are 
present in most birds, and that in some examples the crescents 
{LaverarUa) only were seen, but that Hssmamoahm are never 
found alone. Like Danilewsky, these two authors say that the 
Hmmamoebss are situated at the poles of the blood-corpuscles, and 
that with their growth they push aside the nucleus ; whereas the 
Laverania settle themselves by the side of the nucleus and grow 
around it, so that they form at first a crescent, later on frequently 
a completely closed wreath. The spore-formation of the Mxma" 
moebse, which Grassi and Feletti first recognised in sparrows, 
occurs after more than half of the red blood-corpuscles are re- 
placed by them, and after the pigment has become concentrated 
they produce fifteen to thirty or more gymnospores. For thia 
species of Hsemamoebss from birds they employ the name of HsBma- 
mceba relicta. According to them the infection of the young birds 
does not occur by means of the parents, as Danilewsky believes^ 
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but through the air. Later Grasai discovered in the blood of a 
young hawk {Cerehnei» tinnunada) small Hxmam(pbm which were 
absolutely viipigmented, and which spore without forming pigment. 
He calls this species Bfemamaha subimmaculata. 

Danilewskj-'s Pseitdovermiculi have not been found by Gnissi 
and Feletti ; they do not consider them, aa he does, a^ organiama 
which can be compared offhand with the malarial parasites 
[Laverania), bnt as bodies resembling Drepmiidia. On the other 
hand, they accept, as u-e have seen, DanHewsky's opinion in so far 
thai they consider the peripheralli/'placed, elongated, endi /corpuscular 
parasites of birds as analogous to the crescentic bodies of man. 

It is on this point that these authors have been attacked by 
Celli and Sanfelice [78], and that they also partly differ from 
Kruse. Although Kruse's work appeared earlier, and Celli and 
Sanfelice agreed with his views in many respects, we will consider 
their work on human malaria because of their greater experience. 
They confirm Kruse's [115] information regarding the cycle of 
development of the hfiemoparasites in the frog, and hold with him 
(in contradistinction to Grassi) that the small parasite undergoes 
spore- format ion inside the blood -corpuscle, or that it slowly 
grows and leaves the blood-corpuscle as a Drepanidium,. With 
reference to the parasite of the Testudo europsea, Danilewsky's 
results are confirmed by them, but they were not able to find 
again the spore-forming bodies which had been seen by him in 
the red marrow of bone. 

Celli and Sanfelice chiefly studied the following birds: — Golumba 
livia, Athene Tioctua, and Alauda arvenais. They divided the 
parasites found in them into three kinds, according to the 
rapidity of their development, aa follows : 

I. Parasites with slow development. — This is the only form 
which they were able to demonstrate in the Columba Uvta ; its 
development required a duration of at least eight days — as had 
already been ascertained by Grassi and Feletti. The endooor- 
puBcular forms of this species are pigmented and without amc8- 
boid movement (as with rare exceptions are all haBmoparaaitea 
of birds) ; they lie at the broad side of the nucleus of the blood- 
corpuscle, and gradually grow around it, so that the estremitiea 
of the parasite can at length meet, whereby the nucleus is 
encircled by the wreath-like parasite. Spore-formation has not 
been observed, but free, oval, and roundish bodies, usually 
without visible nuclei. Celli and Sanfelice compared these three 
forms to the Drepanidta of the frog and tortoise, and as the 
latter hare shown a less complete structure and much less move- 
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ment tlian the former^ they speak of a modified free phase {'^ si 
d deteriorata la &8e libera''). 

Now^ as it will be remembered^ the previously-described endo- 
corpuscnlar, elongated^ fally-developed forms were held by 
Danilewsky^ as well as by Grassi and Feletti^ as analogous to 
the crescentic bodies ; Colli and Sanfelice placed them parallel 
with the quartan parasites. I avoid giving the reasons which 
influenced these authors upon this question^ and only remark that 
none of them are absolutely convincing^ and that the solution of 
this question must in the meantime be considered as in abeyance. 

2. Forma of parasites with accelerated development, — ^These are 
found in the Alauda arvensis, also in the Passer hispaniolensis, 
and correspond to the already described Hsem^mceha relicfa 
(Grassi and Feletti) ; they are compared by Colli and Sanfelice 
with the tertian parasite (Golgi). 

3. Pa/rasites with rapid development (such as Hsemamoeba 
subprsecox, Grassi and Feletti) j observed in the Alauda arvensis, 
Athene noctua, and Passer hispaniolensis ; they form small endo- 
corpuscular bodies which become rapidly pigmented and, at a 
time when they only occupy a small fraction of the blood- 
corpuscle^ break up into some ten to fifteen spores. It is the 
same form whose development Danilewsky has described (see 
above), and which he has named Cytosporon malarise^avium. 
Cell! and Sanfelice also found here pigmented elongated bodies, 
often becoming free and then round, which they compare with the 
crescents in man. The whole of the third form (with rapid 
development) is compared by both authors with the quotidian 
parasite of man. 

Kruse [115, 116] was the first to observe the formation of 
spores in the frog's hsBmoparasites. Further, he found in the 
blood of the hooded crow {Oorvus comix) endocorpuscular para- 
sites showing in their immature condition very slight amoeboid 
movements ; they either grew into *^ little worms^'' and sometimes 
then left the blood-corpuscles, but only when outside of the 
vessels (in specimens)^ or the elongated still endocorpuscular 
body became spherical^ escaped from its capsule, and formed 
flagella (PolymituSy Danilewsky). Spore-formation was not ob- 
served, but sometimes a wavy contour was seen on the wreath- 
shaped developed forms around the nucleus, which, however, 
could hardly have anything to do with reproduction; similar 
forms have been observed by Colli and Sanfelice and by Grassi 
and Feletti without their ever noticing any kind of structure in 
the small heaps. 
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Attempts at inoculation have also been made upon anioials by 
injecting the blood from infected animals iuto healthy ones in 
whose blood no alteration existed. Grassi and Feletti's experi- 
ments in this direction have been without result, — that is to say, 
they were never fortunate enough to infect the healthy animals ; 
but Celli and Feletti several times obtained a positive result. 
They succeeded three times in six experiments in iaoculating - 
from pigeon to pigeou. The incubation lasted two to four days. 
The inoculation from lark to lark took in three out of twelve 
cases. All inoculation experiments from one species to another, 
as well as from animals of one class to animals of another, were 
negative. 

The inocnlation of animal hfemoparasites therefore only suc- 
ceeds, if at all, when made from one animal to another of tlie 
same species and variety. 

Grassi and Feletti doubt the positive results of Celli and 
Sanfeiice, saying that so large a number of birds are infected 
(the infection being ofton missed in superficial investigation) that 
one can only be sufficiently guarded from errors of obsevvation 
after keeping the animal to be experimented upon under observa- 
tion for a long time, and ascertaining it to be free from parasites. 
We do not know whether Celli and Sanfeiice observed these 
precautions or not, but the estensive experience of Celli makes 
us expect that his experiments have been carried out with the 
strictest precautions. Besides, the analogous experiments in 
men render the possibility of inoculations also from animal to 
animal likely. 

Celli and Sanfeiice likewise experimented on pigeons therapeu- 
tically with quinine ; like Danilewaky, they observed that the 
parasites of birds are not killed by this druif. The alteration 
which certain of the parasites suffer (rounding of the elongated 
form, a clearer prominence of the nuclei in them) are so small as 
to be hardly appreciable. 

It is undoubtedly a very remarkable fact, and one which 
deserves further investigation, that a remedy which affects the 
parasites in man so successfully hardly alters the heemoparaeites in 
birds. 

From the short summary of results which have been given 
here on the investigations of animal blood, it may be gathered 
that little has been gained with regard to the investigation of 
malaria. The authorities apparently diverge so much in their 
opinions on single points, that even now it is not decided which 
phases and forms of the different htemopara sites are to be brought 
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into correlation with one another, what the method of develop- 
ment of the numerous forms is, how the infection of animals 
takes place, whether the animal hsBmoparasites are pathogenic 
under all circumstances, or if they are to be considered as " neces- 
sary parasites/' 

In this place it seems necessary to say a few words concerning 
nomenclature. As has been already seen, no unanimity exists in 
the naming of the hsDmoparasites. Such a number of different 
suggestions lie before us for their description, that one is much 
perplexed when it is necessary to fix upon any one of them. 

We will summarise here the various suggestions. 

I. Human Parasites. 

1. Oseillaria malarise (Laveran), rejected by the author him- 
self. 

2. Hsematozoon malarisB (Laveran). 

3. Hasmatophyllum malariae (Metschnikoff) . 

4. PlasTnoddum malarim (Marchiaf ava and Colli) . 

5. Hsematomonas malarim (Osier). 

{malarim (quartana). 
vivax (tertiana). 
prascox (pigmented quotidiana). 
imma^ulata (unpigmented quotidiana). 
(b) Laverwnia malarise (crescent) (Grassi and Feletti). 

II. Animal ParoMtes. 

1. Bloodworms (Gktule). 

2. Cystozoa (Graule). 

3. Drepanidium (Bay Lankester). 

4. Pseudovacuolss \ 

5. Psevdovermiculi I 

6. Polymitus avium I Danilewsky. 

7. PseudospirilUs '^ 

8. Cystosporon malarise-avium 

9. Hasmogregarina 
ID. Hmmoproteus (Kruse). 

relicta 
II. Esemamoeba 



subprascox 
. subimmaculata 
Laveranum ranarum 
Laverania Danilewskii (in birds). 



Grrassi and Feletti. 
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cable, has taken root. It is the njvme Plas^nodium, which was 
given by Marchiafava and Celli to tbe small un pigmented 
amoeboid immature forms of summer fever. It is also not at all 
what Marchiafava intended for a spore-forming body or a cres- 
cent, for instance, to be called a plasm odium ; indeed, this name 
has also been rery unsuitably chosen for the small amosboid bodies 
for which it was first used. This has been repeatedly shown, even 
by tbe authors themselves. 

Zoologists designate by the name of Plasmodium bodies which 
are formed by the conjunction of numerous Amaebaia, each of 
which maintains its nucleus. A Plasmodium is in reality, in a 
scientific sense, a multinuclear protoplasmic mass, and is utterly 
inapplicable to the malaria! parasite, which, as ia well known, pos- 
sesses with hardly an exceptioa a single nucleus. The name is also 
unpractical, for we have not to deal with one, but with numerous 
kinds varying from one another, each of which requires a designa- 
tion in order that it may be readily recognised. With regard to the 
other designations, it is doubtless true that several of them have 
been rationally and practically chosen, and were certainly worth 
definitely retaining. I refrain, however, from choosing one of 
them because I am of opinion that it is the business of specialists 
to definitely choose a name which would completely agree with 
the zoological attributes. 

Until they do this we will, with Laveran, and without prejudice, 
speak of Ssematozoa, and use it as a general and provisional name 
for the malarial parasite. It can be used quite well as a detailed 
description, as will be seen later on. We desist, indeed, from 
bringing under consideration the blood-parasites of animals which 
resemble the malarial parasite, for this is of little importance to 
our purpose, which is chiefly the study of malarial fever in man. 



CHAPTER VI. 

OLASSIFIOATION OF THE MALARIAL PARASITES. 

Special characteristics of the different species : the quartan para- 
site, the common tertian parasite, the pigmented quotidian 
parasite, the unpigmented quotidian parasite, the malignant 
tertian parasite — Degeneration forms — Mixed infection, 

Ik the last chapter we have already touched upon the question 
of the classification of the malarial parasite. We have seen 
there that Gh)lgi divides the parasites into those of the quartan, 
tertian^ and irregular (or long-intervalled) types; further that 
Orassi and Feletti differentiate five species. These five species 
are divided by them into two genera^ Hsemamosba and Laverania. 
This division of the crescent from the amoeboid bodies with direct 
spore-formation was opposed by the Boman investigators^ whilst 
Grassi and Feletti [86] in their last detailed publication maintain 
their opinion and state their reasons. 

As previously explained^ Marchiafava and Colli found that in 
the blood of severe Boman summer and autumn fevers there 
were to be seen small unpigmented or slightly pigmented para- 
sites. In a certain percentage of cases they also observed cres- 
centic bodies. Marchiafava and Colli at first found these latter 
forms very rarely ; when, however, in consequence of the investi- 
gations of Canalis, they gave more attention to these bodies, 
they saw them much more frequently. Further, they first 
observed and described the spore-formation of the small amoeboid 
bodies; this occurs almost exclusively in the internal organs, 
so that it is most rare to find spore-forming bodies in blood 
taken from the finger. The unpigmented bodies are never seen 
in it. 

Canalis [39] showed that the small parasites of this pernicious 
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fever either spore direct or form crescents which can likewise 
later fall into spores. He daaignated this combination as develt^- 
7nent in tico cycles. 

Marchiafava and Celli a!ao, as well aa their pupils, regard the 
crescents — without recognisiEg their power of b pore-formation — as 
a form of development of the small amceboid bodies of pernicious 
fever previously mentioned, 

Grassi and Feletti, differing from others, imagine a complete 
variation in species between {i) the direct spore-forming and {2) fAe 
crescent-forming amcEboid parasites. They maintain that there 
are two species of small amceboid parasites which cannot be 
differentiated in their immature condition : the one falls direct 
into spores {like the quartan and tertian parasites) and causes the 
true severe pernicious fever ; the other forms itself into crescents 
(which later likewise fall into spores), and is the cause of the mild 
relapsing fever with long intervals. That the spore-forming 
small forms with the crescents are found in the blood is explained 
by Grassi and Feletti as a inwed infection with both species. 
They classify the former spore-forming small bodies in the genua 
Exmamceba (in which they also class the parasites of the quartan 
and tertian fevers under the name of H. malartx and H. vivax), 
and they divide them, according to whether they form pigment or 
remain unpigmented up to spore-formation, into two species, 
H. priecox and H. immaculata ; the others, crescent-forming 
parasites, they classify in the genus Laverania, to which {of the 
malarial parasites of man) only one species belongs — the L. 
malaria. They explain their divergence from all other antho- 
rities in making this division as follows : 

1. In six cases of severe pernicious fever they found the E, 
priecox and Larernnta five times, and in one case they only found 
H. prwcox ; whereas the former must have been a mixed infection, 
the latter was a single infection. 

2. In the three cases of summer fever with amoeboid bodies of 
undetermined character and crescents, they punctured the spleen 
at the commencement of the attacks several times (the number is 
not given) ; they found ho spore-forming bodies in the splenic 
blood, as should have been the case according to Marchiafava and 
Celli, but only discovered numerous crescents. 

3. These cases without spore- forming bodies (without H. 
prsecox and H. immac%tlala) were never pernicious, but invariably 
mild. 

I cannot accept this classification in so far as it refers to a 
division of Laverania and Hxmctmcehie, because I agree with the 
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Roman school and Canalis that the same small amoeboid bodies 
can either form spores or crescents ; my reasons are as fol- 
lows : 

1. The crescents are found in such a large majority of the 
cases with the small amoeboid parasites that it appears to me to 
be improbable that they can all be mixed infections. I observed 
crescents thirty-seven times in forty-three cases of this kind, and 
as these bodies are often exceedingly raroj a negative result must 
not necessarily be decisive. 

2. The crescents indeed appear sometimes even in the first days 
of the illness (I have myself seen isolated ones appear on the third 
day). In the great majority of the cases^ however, they first 
appear later, and are often only to be demonstrated much later ; 
as this refers to hospital patients, in whom a second infection is 
excluded, the crescents can only have originated from certain 
bodies which were already present. 

3. I have observed very severe summer fever with exception- 
ally few amoeboid bodies and relatively numerous crescents, as 
also mild fevers with numerous amoeboid bodies and few crescents. 

4. If the number of crescents is constantly in striking dis' 
proportion to the number of the ameboid bodies^ it is on that 
a^xount very improbable that they represent a necessary stage of 
development. 

5. The fact that in three cases Grassi and Feletti found no 
spore-formation is not conclusive, for sometimes we find also in 
tertian fevers, even in severe attacks, no spore-forming bodies ; 
further, those three cases were treated with quinine, therefore 
altered to some extent, which may have hindered the undisturbed 
development of the parasites. 

Grrassi and Feletti also appear to deviate from the usual 
method in the recognition of the spore-forming bodies; take, 
for instance, the first three '' spore-forming varieties '' which they 
in their last article [86] under Fig. 6 have drawn as germinating 
bodies of the crescent. It is not perfectly certain in the first 
place that these drawings really represent spore-forming bodies, 
but there is no ground for supposing that they proceed from the 
crescents; quite the opposite, they give me the impression that 
they are, if anything, segmentation bodies produced from amoeboid 
parasites. 

On the basis of the facts just brought forward I do not agree 
with the classification of the malarial parasites into two genera, 
but I believe in the four species which Grassi and Feletti class in 
the genus Hsemamosba^ and I divide these four species into two 



332 



MALARIAL PARASITES. 



I 



groups according to whether or not they form orescents — whick 
iu my opinion are syzygies. 

To the four certainly known species the parasites of the Ter- 
tiana sestiva (Marchiafava and Bignami) are still to be added, and 
must be placed in the group of those which form syzygies. 

Our classification is then as follows : 

I. The malaria) parasite with spore -form at ion without the for- 
mation of syzygies (t. e. without crescents). 

(a) The quartan parasite. 
{b) The tertian parasite. 

II. The malarial parasite with spore-formation and with the 
formation of syzygies (that is, with crescents). 

(a) The pigmented quotidian parasite. 

(b) The unpigmented quotidian parasite. 
{c) The malignant tertian parasite. 

We now proceed to describe the distinguishing features of 
these five species. 



I. The Malarial Parasite with Spore-foemation without 
Stzyqies. 

The parasites belonging to this group are the chief producers of 
true typical ague. Even if this fever causes paroxysms of con- 
siderable severity, they do not present a pernicious character; 
they yield rapidly and completely to a rationally administered 
course of quinine, and when, after convalescence, a fresh infection 
is avoided no relapse occurs. 

It must be remembered that the quartan and tertian parasites 
do not only produce typical ague, but that when several irregular 
generations are present they can produce also irregular fever; 
in comparing these with the rarely occurring typical cases of 
irregular fever, an examination of the blood will not only give 
the prognosis but also indicate how the quinine shonld be 
administered. 

The process of development of the two species of parasites 
belonging to these groups has been demonstrated by Qolgi, and 
except in minor details we need not deviate from his descriptioc 



(a) The Qxiarlan Parasite. 

The quartan parasite completes its cycle of development (from 
the spore to the formation of spores) in three times twenty-four 
hours. 
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In its immature condition it is an unpigmented body^ which 
appears as a small clear speck apon the blood-corpnscle infected 
by it (see Plate 11^ fig. i) ; it possesses a lazy amoeboid move- 
ment^ which is nsaally first seen when the warm plate is 
used. 

The parasite remains in this stage from twelve to twenty-four 
honrs^ gaining meanwhile only slightly in size. The storing up of 
pigment now follows in the external layer of the parasite; it consists 
of fairly coarse^ very dark rods and grains^ and shows no move- 
ment. With the increasing formation of pigment the parasite 
loses the small power of moving which it had at first possessed^ 
and it is met with therefore as a completely quiescent spherical 
body^ already filling from one third to one half of the blood-cor- 
pnscle (see Plate 11^ fig. 2). 

The parasite slowly grows larger and reaches in normal deve- 
lopment the size of the red blood-corpuscle^ so that when this 
stage of development is reached nothing more whatever is seen 
of the blood-corpuscle; in this condition the parasite is to be 
regarded as a free body. 

It now prepares itself for spore-formation thus : — ^the pigment 
granules collect in the middle of the body and form there a com- 
pact mass^ and at the periphery of the protoplasm a radial 
delineation becomes visible^ which later on is also seen in the 
central part ; these radiating lines^ becoming gradually clearer^ 
divide the parasite into a variable number of segments ; as a rule 
the number does not exceed ten. (Plate 11, figs. 4^ 5.) 

At length the grooving becomes so decided that the segments 
jnst described get separated from each other as small oval bodies 
(*' daisy form/' Golgi ; Plate II, figs. 6, 7, 8) ; then a circum- 
scribed bright spot makes its appearance in each of these bodies 
and represents the nucleolus^ the appearance of which lends to 
the segment the character of an independent organism. There 
are now the completely developed spores, which hang together so 
loosely that slight pressure on the cover-slip is enough to make 
them break away from each other ; also without such pressure 
the spores suddenly become scattered, probably in consequence 
of their growth and the bursting of the thin membrane enclosing 
them. With this the cycle of the parasite's development is 
accomplished. The pigment debris remaining over soon leaves 
the leucocytes as dead matter. 

The segmentation of the parasites takes place before and 
during the paroxysm of fever ; as a rule the first mature spore- 
formed bodies are seen about three hours before the onset of the 
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cold stage, at which time, however, as Golgi [34.] has shown, the 
temperature may be already considerably raised. 

The spore-forming bodies may deviate more or less in their 
form and size from the normal. It may happen, for instance, 
that spore-formation occurs ^vheu the parasite has not yet 
reached the size of the red blood-corpuscle ; then the number of 
spores tends to be less than usual (four to six). The spore- 
formation which Caoalis [39] depicts (see Plate II, fig. 10) \e 
interesting; it is fan-shaped, and is produced by the pigment 
having become excentrically concentrated : further, the nucleolus 
may be missed iu fresh spores of the quartan parasite. (See 
Plate II, fig. 9.} 

The red blood-corpuscles which are infected by the quartan para- 
sites do not alter their dze ; in this they differ considerably from 
the blood- corpuscles infected with the tertian parasite. It is 
also worthy of note that they lose the colouring matter slowly, 
so that round about the mature parasite a thin, but still quite 
normally coloured edge, which represents the residue of the blood- 
corpuscles, can be often appreciated (see Plate II, fig. 4). 

The several divisions of a fever cycle of the qaartan type 
present the following parasitic appearances : 

Twelve hours after the attack : small unpigmented parasites 
lying ou the red blood-corpuacles, having either a sluggish 
amtsboid movement or none at all, 

Tieenty-four hourn after the attack : gome of the bodies possess 
scanty pigment granules at the periphery, others are still without 
pigment ; their size is about a sixth to a fifth of that of the red 
blood-corpuscle. 

Forty-eight hours after the attack (twenty-four ?)e/bre the follow- 
ing attack) : the parasites oecapy the half or two thirds of the 
red blood-corpuscle ; they are markedly pigmented ; their form 
is usually round ; there is no amoeboid movement, the pigment 
is also quiescent. 

Sixty hours after the attack (twelve hours before the next 
attack) : the parasites fill the red blood-corpuscles so far that 
only a small edge, still clearly recognised by its colour, remains. 

Sixty-six hours after the attack (six hours before the next 
attack ) : nothing more of the edge of the blood -corpuscle is to 
be seen on many parasites ; the pigment is arranged in radii, in 
some bodies already loosely concentrated. Signs of commencing 
spore- formation can be made oat in isolated parasites. 

Sixty-nine honrii after tlf attack (three hours before the next 
attiick) ; isolated matured apore-forming bodies ; many other 
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parasites with ooncentrated pigment and the signs of commencing 
»pore-formation. 

It remains to be mentioned that in large free spherical bodies^ 
which probably remain sterile^ an active swarming of the pigment 
is sometimes seen ; the projection of flagella is seldom observed 
in the quartan parasites. 

In the quartan parasites the cycle of development occurs more 
regularly than in the remaining species of parasite^ both as to 
inration and progress in isolated individuals. Here^ too^ one has 
the most frequent opportunity of finding spore-forming bodies in 
bhe circulating blood. The parallel progress forwards of a 
parasite belonging to a generation or a series makes it in this case 
relatively easy^ when several generations are present^ to recognise 
them and to judge of their age. 

Ithas already been remarked in a former chapter that the quartan 
parasites^ arranged in regular twenty-four hours of two or three 
generations^ can form the two types of fever : — i 2 o, i 2 o, 
120, &c. ; or I 2 3^ I 2 3^ I 2 3^ &c. The first is named 
double quartan^ the second triple quartan — a form of false 
quotidian fever. Irregular types of fever occur not seldom 
(especially if sufficient quinine is not taken) through storing up 
of the generations^ in the sense that their evolution does not 
occur in twenty-four hours^ but in shorter or longer intervals. 

The detailed relations of the structure of the quartan parasite 
have been studied by Grassi and Feletti [47] ; as they resemble 
very nearly those of the tertian parasite^ I refer to the following 
section for the necessary description. 

(b) The Tertian Parasite. 

The duration of the development of the tertian parasite covers 
torty-eight hours. As quite a young parasite it forms a small 
body having a diameter of i to 2 fi, which appears as a rather clear 
speck upon the red blood-corpuscle ; in this stage the parasite is 
BtiU unpigmented^ or only exceedingly fine pigment dust is found 
in it. On the other hand^ an active amoeboid movement is notice- 
able. This can be easily established at the temperature of the 
room^ and it continues clearly under the microscope for a long 
time (about an hour) after the blood is taken. It consists not only 
of a slight change in form^ but from the periphery of the body 
projections (pseudopoda) go forth in different directions ; they 
are soon again withdrawn in order to give place to another for- 
mation. In this condition (the first phase of Grolgi) the parasite 
remains gradually growing for about twenty-four hours after its 
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origin. It continaously collects to itself more pigment in the 
form of fine granales and rods^ which are especially to be seen in 
the peripheral layers of the protoplasm^ and which are mostly 
engaged in active swarming movement; the more the parasite 
contains of this pigment— the more developed it therefore is — the 
less becomes its amoeboid movement; nevertheless it remains 
still so far amoeboid that we see in a simple tertian fever^ on the 
days of apyrexia^ pigmented bodies^ often strangely twigged by 
pseudopoda^ which still actively continue to change their form^ 
although at about this time they already occupy more than the 
half of the blood- corpuscle (see Plate II, figs, ii — 18). 

The red blood-corpuscle itself has in the meantime likewise 
undergone changes, having lost in colour (looking pale when com- 
pared with the non -infected blood-corpuscles), and further having 
become enlarged, often rather considerably. Therefore the blood" 
corpiLscles infested with the tertian parages are very frequently dis- 
tended and pale. 

After a duration of life of about forty-eight hours there follows 
—always, however, in only a fractional number of the parasites — 
the spore-formation. This commences as follows : — the body, which 
has now nearly or completely reached the size of a normal red 
blood-corpuscle, and still lies in the distended, already almost 
perfectly decolorised host, loses every motion ; even the pigment 
stops swarming. The segmentation itself occurs, according to 
Golgi [37], in three different ways. 

The usual method of spore-formation, which has been seen by all 
other authorities and which I have often been able to confirm, is as 
follows : — whilst the pigment concentrates itself in the middle of 
the body and there cakes together into a thick mass, the protoplasm 
of the parasite breaks down into some fifteen to twenty round, 
strongly refractile little balls (spores), which usually form an 
irregular heap, reminding one in appearance rather of a bunch of 
grapes or a mulberry. More rarely they lie near one another 
in two perfectly regular concentric rows, whereby the "sun- 
flower '^ of Golgi is produced. It must not be forgotten that we 
view these bodies, which, in consequence of falling into spores, 
have a loose connection, between two glasses ; and it is not impos- 
sible that by the mechanical influence, which cannot be wholly 
avoided in the preparation, the original regular form may be 
interfered with (see Plate II, figs. 20, 21). 

The spores of the tertian parasite are round and smaller than 
the quartan parasite ; they show in the fresh condition, as a rule, 
no details of structure. Here and there I have, notwithstanding. 
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noticed on them a brilliant granule — ^the nncleolas (see Plate 11^ 
figs 22, 23). 

GU>lgi'8 second method of spore-formation, which has hitherto 
not been confirmed by any other observer, takes place thus : — ^the 
concentrated pigment in the middle of the body, together with a 
small part of the protoplasm which is surrounded by a membrane, 
remains behind as a residual body, and only the periphery of the 
parasite falls into spores. After this, Golgi leaves it undecided 
whether the protoplasm surrounding the pigment is not subse- 
qnently segmented. In this case the second method of spore- 
formation would appear to be only a preparatory one to the first 
(see Plate III, fig. c). 

In the third method of spore-formation the concentration of 
the pigment occurs near the periphery, a vacuole originates 
in the protoplasm and in this one or two bodies appear as seg- 
mentation products. Golgi himself did not know how to estimate 
the importance of this form with certainty ; other authors, as 
Antolisei [117]^ recognise it as a form of degeneration. 

Again, another method of spore-formation must be noted 
which not infrequently occurs and is mentioned by Colli and 
Ouamieri. It consists in the segmentation occurring without the 
pigment being concentrated at all and whilst it still forms irre- 
gular meshes lying scattered in the body. Lastly, it may happen 
that the pigment is concentrated in two heaps instead of in one 
(see Plate I, fig. a.). 

According to this, then, the chief characteristic of the act of spore- 
formation of the tertian para^tes is the formation of numerous 
(fifteen to twenty) small round spores. 

The pigment is also here, as indeed always, a lifeless product ; 
after the spores have parted from one another it becomes imme- 
diately seized on by the leucocytes in the circulating blood and 
in them it is again seen. 

Just as in the quartan form, the a^t of spore-formation in the 
tertian form corresponds to the febrile paroxysm ; here also like in 
the quartan, as Golgi has shown, a gradual rise in temperature 
begins about three hours before the commencement of the rigors 
and, answering to this, there are already to be found at this time 
isolated spore-forming bodies in the blood ; they are, however, 
found in the greatest number during the rigors or at the begin- 
ning of the subjective heat. 

Prominence must be given to the fact that in the tertian 
variety the spore-forming bodies are not seldom looked for in 
vain in the peripheral blood ; it is to be supposed that in such 

22 



338 MALAEIAL PAEASITB8. 

cases only a few individuals reach the spore-forming stage and 
that these few remain chiefly retained in the internfil organs, for 
whioh we have an analogy in the quartan parasite. 

Again, now and then it happens that isolated apore-fonning 
bodies may be found at n time far removed from an attack ; it is 
even possible for still a second feeble generation to be present in 
the blood which spores at another time bnt is too sparsely repre- 
sented to produce an attack.' 

It must also be called to mind that in other ways the spore- 
fonning bodies of the tertian parasite do not all show the 
complete typical picture which Golgi has drawn of them, bnt 
that now and then they preaent different appearances from the 
normal, and these one mnst be able to recognise in order to avoid 
erroneous conclusions. 

For instance, it happens not infrequently that bodies which at 
first only fill a small part of the red blood- corpuscles already 
spore (see also the anticipating tertian] ; they do not then form 
such a large number of spores as do the fnlly mature parasites, 
but a markedly less number (see Plate II, figs. 22, 23) ; in 
this these spore-forming bodies resemble closely those of the 
pigmented qnotidian parasite (see Plate II, fig. 35), from which 
they are only to be differentiated by a considerable amount of pig- 
ment and by the larger size of the individual spores. In suoh 
cases the other elements found in the blood will be conclusive. 

The microscopical results obtained from a simple tertian fever 
can be expressed in the following tabular form : 

One to twelve hours after the attack : small unpigmented actively 
aroceb Old -moving forms attached to the red blood-corpuscles or in 
part already entered into them. 

Twelve to twenty-four hours after the attach : rather larger forms 
filling about a third of the blood -corpuscles, carrying the finest 
pigment duet and still possessing active amoeboid movement. The 
infested blood -corpuscles pale and large. 

Twenty-four to thirty-six hours after the attack (twenty-four to 
twelve hours before the following attack) : the bodies fill from two 
thirds to four fifths of the pale enlarged blood -corpuscles ; they 
are often of a very irregular shape, and this they change only 

' With reference to the quartan Tariety, Qolgi [34] makes the statement 
that in several cases he has seen spore-forming bodies unconnected with an 
attack ; the temperature showed itself to be railed, but the patient had do 
knowledge of it. Such observations indeed appear to be very rare, I have 
never met with one, and in the literatare we only find a single reference to 
the anhjeclr— a statement by Celli and Gnamieri [46]. 
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II a.m. — Temperature 39'5° C. (io3M° F.) ; rigors, S;c, 

From the above it is easy to construct a scheme for the double 

tertian in which the attacks occur at regular or irregular hours 

of the day. 

To illustrate this complicated relatioiij the history of two 

patients suffering from double tertian, together with the micr<t- 

sGopical results, are now girec 

F. W — , Eet. 19, worker in glass, has suffered from attacks of 
fever for fourteen days ; at first the attacks occurred every second 
day, subsequently daily. Yesterday (August 1 ith) the attack com- 
menced at II a.m.; to-day (August 12th}, at 3 p.m. At 5 p.m. 
temperature was 39"2° C. {i02"5° F,). Spleen distinctly felt, pain 

Microscopical appearances : i . Very numerous pigmented 
bodies which completely fill up the blood-corpuscles. 2, Very 
numerous pigmented parasites in active amoeboid movement which 
half fill the red blood- corpuscles. 3. Very numerous free pig- 
mented balls, disintegrated forms seen in the blood-corpuscles (fever 
forms; see below). 4. Spore-forming bodies not found. 

August i3tli, ir,i5 a.m. — Rigors commence. Temperature 
38-2° C. (ioo-7° F.}. 

Microscopical appearances : i. Enormous numbers of spore- 
forming bodies, partly regularly, partly irregularly arranged. 
Number of the spores about fourteen ; in many spores the nucleolus 
is visible. 2. Fairly numerous amoeboid, very slightly pigmented 
bodies which occupy about a third of the red blood -corpuscle. 
3. Several large forms with flagella (one with five flagella). 

5 p.m. — Temperature 37"5° C. (99*5° F.). Profuse perspiration. 

Microscopical appearances: i. Isolated large forms, partly 
with moving pigment, partly as if coagulated. 2. Numerous 
actively moving, slightly pigmented forms which occupy one third 
to two thirds of the red blood -corpuscles. 3. Numerous, very 
small, unpigmented, active amceboid bodies ; some have only the 
finest points of pigment. 4. No more spore-forming bodies are 
to be seen. 

It is at once evident that in this case we have a double tertian 
(that is to say, false quotidian) with two generations of parasites 
present. In the observation last noted, three generations appear 
to be found, but it is easily seen that the isolated large forms 
mentioned under No. i are only to be considered as the residue 
of that generation which had caused the paroxysm of fever that 
had occurred six hours previously. The immature forms from 
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wUcli the spores of this generation have been produced already 
appear as very small amoeboid bodies (No. 3) • 

J. M — , 89t. 20^ has suffered from daily attacks of fever since 
August ist. They occur at midday and have a typical character — 
cold^ hot^ and sweating stages. Patient not very amsemic ; herpes 
labialis ; the spleen extends for two finger-breadths below the 
ribs. 

August 8th, II a.m. — Temperature 36*8° C. (98*2° P.). 

Microscopical appearances : i. Small amoeboid, actively 
moving, but already pigmented bodies. 2. Large parasites occupy- 
ing the third or the whole of the blood-corpuscles with actively 
swarming pigment. 

2 p.m. — Temperature 38*2° C. (ioo'7° F.). Severe rigors. 

3.15 p.m. — Temperature 40*5° C. (104*9° ^O* 

Microscopical appearances : i. The large bodies in less number 
than at 1 1 a.m. ; part of them appear to be sporing ; also 
mature spore-forming bodies are present. 2. Small half-deve- 
loped bodies in large numbers, possessing active amoeboid move- 
ment ; at the same time the pigment swarms vigorously. 3. 
Some small still unpigmented bodies (the youngest generation 
from to-day's attack). 4. Numerous disintegrated bodies, both 
free and more rarely endocorpuscular (fever forms). 

6.30 p.m. — Temperature 40* 1° C. (104' 1° F.). Profuse 
perspiration. 

Microscopical appearances: i. Both young generations in the 
same condition ; some of the recently infested blood-corpuscles 
are already swollen. 2. The large forms already less in number 
than two hours ago ; some small spore-forming bodies with only 
five spores. 

9 a.m. — Temperature 36*5° C. (977° F.). Patient still perspires 
profusely. 

Microscopical appearances: i. Large endocorpuscular forms; 
the pigment only moves slightly. 2. Small, already fully pig- 
mented, actively moving parasites, occupying about a fifth or a 
sixth of the blood-corpuscles. 

Patient received at 9 a.m. 0*6 grm. of bisulphate of quinine 
(9i grains). 

12.45 p.m. — Temperature 37*0° C. (98*6° F.) 

Microscopical appearances : i • Large forms rather increased 
in number, with quiescent or moving pigment. The blood- 
corpuscles are either completely or three quarters filled by 
them. 2. The small amoeboid forms less numerous than three 
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hours ago ; their amoeboid movement is in part very feeble, 

general considerably feebler than formerly (due to the action of 
the qninine). 3. Fairly numerous dissevered little balls, also 
endoglobnlar forms not infrequent (due to the action of the 
quinine). 

Towards 3 p.m. violent rigors, which lasted till 3.30 p.m. 

3.45 p.m. — Temperature 40-6° C. (105° F.) 

Microscopical appearances : i . Several developed spore-forming 
bodies with thirteen to fourteen spores ; several indistinct spores 
(quinine spores). 2. A remarkable number of the amoeboid 
immature forms are disintegrated (action of quinine and fever). 

August loth, 9 a.m. — Temperature 36' 5" C. (97-7° F.). (At 
7 a.m. patient took 0'6 gramme of quinine (gj grains)). 

Microscopical appearances : 1. Several mature forma with 
fairly active pigment movement. 2. Younger forms exceptionally 
sparse. 

12 p.m. — No attack of fever. 

As we see, in estimating the microscopical appearances of the 
blood, not only must Golgi's scheme be kept in view, but other 
factors come under consideration which really determine the 
appearance of the blood. 

Among these, first in importance is the circumstance that wo 
never have to do with absolutely one generation 0/ 'parasites in 
the blood ; were this the case, if indeed every one of the 
parasites which we count as belonging to one generation were 
jnst the same age to the minute, if all formed spores and as 
individuals disappeared at the same moment, then the appear- 
ance of the blood would perfectly correspond to the scheme. In 
reality, however, parasites of the same generation are separated 
from each other in age by one or often by six to eight hoars. 
To separate the generations from each other would therefore 
not be possible, because for this the necessary limits (Grenzen) 
would be wanting ; the separation is, however, not needed, for we 
only want to place together in one group or as one generation all 
those parasites which cause one paroxj'sm of fever, whether ttey 
are of exactly the same age or whether differing by several hours. 

The fact that the individual parasites of one " generation " do 
not form spores at the same moment, but one after another at very 
short intervals, obviously results in the clinical phenomenon that 
the paroxysm of fever also not only lasts for a few moments but for 
several hours, often for half a day. If the innumerable spore- 
forming bodies, like a volley of countless guns, were to burst in 
one given moment and strew their contents in the circulating blood, 
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then most probably a paroxysm would result much shorter but 
therefore so much the more violent and disastrous in character^ 
but as a matter of fact the spread of the spores takes place like 
a kind of file-firing and maintains the paroxysm throughout sereral 
hours. 

This difference in the age of the parasites of one generation 
results naturally in a difference^ though perhaps not very impor- 
tant^ in their size^ form^ and other qualities at a given moment^ 
and it would be a mistake to be misled by these unimportant 
differences. 

One must further remember that a large number of parasites do 
not reach maturity, therefore do not spore ; we do not know with 
certainty the reason for this^ but it is a fact that has sufficient 
analogies in the animal world to prevent us from being particularly 
astonished at it. The most probable thing is that the units 
which remain sterile succumb in the " struggle for existence '^ 
or^ to be more explicit^ that they give way to those forces which 
the power of resistance of the human organism brings to bear in 
the struggle against the dangerous invaders ; this will be more 
fully considered in the section upon spontaneous cure. These 
non-sporing individuals reach the size of their more successful 
comrades, and not seldom some are also seen which have become 
much larger and in which the play of the swarming pigment 
gpranules is an extraordinarily lively one. These distended forms 
have already been held by Laveran to be dropsical degenerating 
bodies f and it seems that this is really the case. They are still 
found in the blood several hours after the end of the attack, and 
are even to be seen on the days free from fever in pure tertian. 
It is clear that one cannot regard these sterile surviving spherical 
bodies as proofs against Grolgi's law. 

Another series of bodies also complicating the picture pre- 
sented by the blood is found in the "fever forms; '' these are the 
dSbris of parasites which are frequently found free in the liquor 
sanguinis, often indeed even in the red blood-corpuscles. They are 
mostly round, and several often hang together ; it is not easily 
possible to mistake them for spore-forming bodies, because they 
are irregularly pigmented and differ in size (see Plate III, 

figs- 33i 34). 

We have now to consider one more interesting form which has 

been noted also in the double tertian, namely, the flagellated body. 

These bodies are seen very frequently in tertian fevers, especially 

at the time of the onset of the fever or shortly before it, which, 

as already observed, is the reason why flagella are only produced 
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by fully developed forma. They are to be seen on the 
after the blood is draicn ; sometimes only one or two minatea 
elapse before their appearance, so that one is tempted to believe 
that they were already present in the circulating blood. This, 
however, ia certainly not the case, for in quickly dried and aubae- 
quently coloured preparations they are never met with. The 
movement of the flagella ia at first a very energetic one, and 
according to their environment it remains so for a shorter or longer 
time ; then the energy of the movement diminishes in some or all 
of the fiagella and they come to a standstill, but they may pos- 
sibly again commence energetic lashing movementa. Lastly, 
the complete extinction of movement follows and the fiagella are 
then seen rolled together at the periphery of the now completely 
(Quiescent bodies. 

The escape of the apparently sterile large forms of the tertian 
parasite from the red blood- corpuscles is a process which can 
likewise be obaerved not infrequently, but it occurs with such 
rapidity and in such an unexpected manner that its details can- 
not be appreciated. 

In Plate II, figs. 25 and 26, there are two drawings of the two 
stages following rapidly upon one another; no visible movement 
was shown by the body at its ezcapsulation, but it appears as if 
it became distended and thereby shot out of the blood -corpuscle. 

It must be further mentioned that this distension and 
decolor isation of the red blood-corpuscles infested by the tertian 
parasite may indeed be oft«n, but certainly not always, observed. 
On Plate I these various processes are depicted. Bastiaaelli and 
Bignami [118] aometimes observed in tertian fevera copper- 
coloured shrivelled blood-corpuscles (Globuli rossi ottouati) like 
those often seen in great numbers amongst the quotidian parasites. 
I have never been able to see these copper- coloured bodies is 
tertian fever, although I had the opportunity of investigating a 
large number of cases; in any case they appear to be exceptional. 
Neither can I confirm another statement made in the same work 
regarding the apore-forming bodies of the Tertiana antipojtetis. 

Both these authorities report that in the anticipating tertian 
fevers early spore-formation with five to ten spores (aa has already 
been described) is frequently seen. 

If we wish to refer this variety of tertian fever, which occurs 
not infrequently, to Golgi's law, we must accept the fact that the 
tertian parasite can, under certain exceptionally favorable circum- 
stances, attain maturity a few hours earlier than it usually does, 
or that possibly it originally enters the infested organism 
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more vitality and increases there more rapidly than in forty-eight 
hoars. In the cases of anticipating tertian fever which I have 
investigated^ I found no difference from the ordinary tertian so 
far as concerns the number of spores and the size of the spore- 
forming bodies^ but I certainly do not wish to depreciate Bas- 
tianelli and Bignami's observations ; I believe rather that they 
are worthy of attention and require further investigation. 

Of observations on the much rarer Tertiana postponens there 
are^ so far as I know^ no reports attainable. 

The detailed relations of structure in the development of the 
tertian parasite are depicted in the drawings upon Plate III^ 
fig. A. 

The young parasite^ which has just forced its way into the 
blood-corpuscle, shows a large vesicular-formed nucleus not 
containing chromatin. It possesses upon one side a thin layer 
of stained non-pigmented protoplasm, whereas at the other pole 
is situated the very darkly tinted round or angular nucleolus, 
which in this stage is always attached to the nuclear membrane, 
and often projects over it. With the growth of the parasite the 
three parts just mentioned are developed in approximately equal 
proportions. The cytoplasm commences to form gradually two 
layers, differentiated from one another, one external and con- 
taining much coarse pigment, and one internal and lying next 
the nucleus, either unpigmented or only slightly so. It also takes 
on a stain rather fainter than the external layer. These two 
layers I believe can be recognised as ecto- and endoplasm ; the 
endoplasm especially often shows in later development one or 
more vacuoles. 

The nucleus, at first free from chromatin, commences to show, 
especially in the neighbourhood of the nucleolus, delicate-coloured 
cross-bars or fine points, but they present no regularity. The 
nucleolus goes on growing and usually remains attached to the 
nuclear membrane; more rarely it parts from this so as to 
nourish itself near the centre of the nucleus ; in this case one 
sometimes sees it connected with the nuclear membrane by 
chromatin threads. 

With the increase in size of the nucleolus it decreases in colour 
and very dark punctate sharply-defined spaces now appear in 
it, which are only to be seen with the highest powers ; what is 
the meaning of these three to seven symmetrically grouped points 
I do not venture to decide (see Plate II, figs. 8, 15, 16). During 
the appearance of these points one or more vacuoles often appear 
in the centre of the nucleolus, giving it a web-like appearance. 
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The further fate of tli 
I have not been able t«« 
scribed by Grassi and FcK- 
parasites. I am most inclitu 
and dissolves with the cyti»]» 
thing appears to me certain^ au* 
disappears. With this the p:i. 
which is to be considered as j>?>7 
is characterised by the nucleus "»/■ 
together with the disappearance o: 
taking up of chromatin in the nuch 
the parasite gains an appearance differc: 
stages. Instead of an unstained or 
almost evenly stained blue- violet body an 
distinguishable from the cytoplasm becauM 
The sharp appearance of the nuclear iiu-: 
appears^ and when this has happened one r- 
a nucleus. Although not sharply defined^ :: 
unpigmented part still remain for a certain tiiiv 
distinguish between these different parts^ not • 
cally but also biologically^ I name them as the 
and '^ protoplasmic part" (see Plate II, figs. 21 :. 
body proceeding to spore-formation. In the nm ; 
first stage of the process of spore-formation bcc 
when ill-defined dark-coloured balls appear in it (Plat*.' 
these are the nucleoli of the new spores. The nuclei t' 
iu this stage not yet formed, for the separation of t! 
surrounding the nucleoli into a peripheral stained (ii: 
part and a central unstained part occurs later on. 
occurrence of this separation the spore- formation i- 
(IMate II, figs. 24, 25). 

Two epochs can be distinguished in the forty-eigh: 
course of the life of the tertian parasite, the first vegetal:- 
the second productive ; the disappearance of the nucleolus : 
the point at which the second epoch puts an end to the firs' 

As was mentioned in a previous section, Romauowsky 
believes that the parasites divide by a species of karyokine- 
A drawing given in one of his publications serves as a ba- 
for this, but it cannot be considered as sufiicieut. Two nuck-.-j 
may not infrequently be present in the most varying form- 
of the malarial parasite, as is the case in the Sporozoa, with- 

' The description of the detailed structure is taken from my publica- 
tion [49]. 
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thoy produce those fevers which are of a stabbornly 

nature, leaving behind an anemia which is difficult to care, and 

has a tendency to peroicious Bymptotos. 

The attacks are often not of a regular character like the 
paroxysms of mild ague ; the rigors especially are frequently 
wanting. The patients give almost throughout the impression of 
being severely ill ; they complain chiefly of depression, pain in 
the limbs, headache, and loss of appetite. 

In mild cases a clear type is recognisable ; it can be either 
quotidian or tertian, never quartan, but the type is usuully blurred 
and difficult to analyse, in which case one has to do with an 
infection by several generations, which, with this rapidly evolving 
parasite, cause continued, remittent, &c., fevers. 

Spore- formation occurs, as Marchiafava and Celli have shown, 
almost entirely in the internal organs, but the reason for this 
is up to the present perfectly unknown. 

The relapses occur from eight to fourteen days after the previona 
paroxysmal cycle. Golgi [91] prefers to consider this aabae- 
quent fever not as a relapse, but as a type with a long interval, 
and rightly, because in this case we have not to do with a fresh 
infection, but with a rekindling of the fever which proceeds from 
the evolution of the crescentic bodies, the details of which are at 
present unknown to us. It is probable that this evolution 
proceeds with a regularity aach as that which we have recognised 
in the other parasitic cycle. 

{a) The Pigmented Quotidian Parasite. 

It has already been several times mentioned that we have to 
credit Marchiafava and Celli with valuable information concerning 
the relation of the small parasite of the pernicious fever. The 
division of it into pigmented and unpigmented forms is indeed 
not the idea of the Roman investigators, for they have Up to 
the present always maintained that it depends only upon the 
duration of the life of the small parasite whether it has time to 
form pigment or not, and that between them there is no differ- 
ence in species, but only a difference in the vegetative period. 
Notwithstanding this, I feel bound to accept the division into 
two species proposed by Grassi and Feletti, chiefly because 
Grassi succeeded in finding in birds a parasite invariably unpig- 
mented, and because, farther, the slightly pigmented parasites 
have also been recognised in certain birds as a well-characterised 
species. Similar convincing experiments by means of inocula- 
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tion apon man have not been obtained as bas been tbe case in tbe 
quartan and tertian forms, but sacb experiments would give 
less decisive results than in tbe mild types, because mixed 
infections of tbe pigmented and unpigmented quotidian parasites 
are very frequent, in which case the fact that the pigmented 
forms are not present in the peripheral blood, whilst they are 
present in the internal organs, usually causes confusion. 

The pigmented quotidian parasite describes its cycle of 
development in twenty-four hours (see Plate II, fig. c) ; it begins 
its existence, like all the other species, as a small unpigmented 
body which, after it has slipped from the spore-forming body, lives 
for a short time in the liquor sanguinis, and then attaches itself 
to a red blood-corpuscle. By means of the method which I have 
described (an open Ahh6 and oblique illumination with a concave 
mirror) one can see very clearly, especially in these small parasites, 
that Laveran, at any rate in regard to the small forms, was right 
in asserting that they are only pressed upon the blood-corpuscles, 
and not enclosed in them. 

These small bodies of the quotidian parasite have active 
amceboid movement, by which they first call the attention of the 
observers to them. For the most part (so long as they do not 
ohange into the ring-form quiescent state) they are optically so 
like the substance of the red blood-corpuscles to which they are 
attached as to be easily overlooked by the inexperienced. Their 
contour is very delicate, their colour slightly paler than that of 
the blood-corpuscle. The movement of some of the bodies is 
actively maintained for a considerable time, an hour or even more, 
under the microscope at the temperature of the room, whereas 
the greater part become quiescent soon after the abstraction of 
the blood (probably also already in the circulating blood). In a 
state of rest the bodies are formed of perfectly characteristic ringlets 
of whitish colour with reddish centres, and attract the observer's 
notice at once. The ring has often at one point a small 
depression, in which case it can very appropriately be compared 
to a signet ring. The hoop not infrequently contains one or 
more granules of a hsemoglobin-coloured substance which it has 
drawn out of the blood-corpuscle. 

One often sees the way in which these rings are formed : 
if one can fix an amoeboid, moving, homogeneous-looking body 
under the microscope and watch it for a long time, one notices 
that, after it has become quiescent and round in the middle, all 
at once a darker spot appears, which is doubtless produced by the 
protoplasm becoming thinner there, and the substance of the red 
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blood-oorpuEcle beginning to sbine through ; the thinning of the 
parasite in the centre may produce an opeuing, thna completing 
the ring. 

If such a ring ia observed with an open Abbe and obliqae 
illuraination with a concave mirror, it ia definitely seen to 
produce in the upper surface of the blood-corpuscle a deep and 
sharp depression, and in the centre the substance of the blood- 
corpuscle projects through the hoop jiiat as a finger through a 
ring. The parasite may return from the ring form into the 
aniceboid form again ; the appearance recnrs sometimes repeatedly 
under the observer's eye^ (see Plate II, figs, 45 — 47), 

The immature amoeboid parasite now collects exceedingly 
fine pigment dust, which is often only reddish ; this is seen 
quite at the periphery of the body, where it usually shows 
little movement. When the parasite has replaced about a third 
of the red blood -corpuscle, the pigment collects in the middle or 
at the edge, and then the amceboid movements of the parasite 
cease. The pigment, after concentration, coalesces into a dark 
quiescent mass, and there follows, still within the infested blood- 
corpuscle, the breaking down of the parasite into a small number 
of the smallest spores (see PI, II, fig. 35 ; PI. IV, fig. 67). 

As Marchiafava and Celli were able to prove in the mild cases 
of summer fever of the intermittent quotidian type, the con- 
centration of the pigment and the spore -formation coincide 
with the febrile paroxysm. The same authors discovered the 
apore-forming bodies of thia parasite, and called attention to 
the important circumstance that tke spore-formation did not oeeur 
in the peripheral blood, but tii that of the internal orgatia, bo that 
during the attack, even in severe infection, few, if any, segmenta- 
tion bodies are seen in blood from the finger, whereas they are 
present in great numbers in the splenic blood. 

Owing to the infection, the red blood-corpiiscles often ahrink, 
becoming thereby copper-coloured. Marchiafava and Celli believe 
that the parasites enclosed in the " copper- coloured bodies" are 
degenerated. To this I cannot agree, on account of the staining 
of the structure, for one finds in these parasites the nucleolus 
deeply tinted (PI. IV, figs. 13, 14). Further, the infested, and 
' HorchiafaTa and Celli, who fir«t described these ringleta, thought then) 
to be bodies with racnoleB; then imagined them to be biconcaTe bodies, the 
red blood-corpuscle shining tbrongh the thin centre ; later thej thought that 
the centre took on blood- colouring matter, and therefore had a red colour. 
How both these authors can reconcile this procedare with the endocorpns- 
cular life of the "Plasmodium," which they so strongly maintain, they have 
not clearly shown. 
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in part shriTolIed blood-corpuscles may also completely lose their 
coloaring matter^ in which case they form exceedingly delicate 
folded phantom bodies, in the interior of which the parasite lies. 
The " copper-coloured bodies '' may be easily mistaken by the 
inexperienced for the " morning-star form ; '' it should be noted 
that the parasite is always to be seen on the copper-coloured 
bodies, and that it has usually the form of a bright ringlet, and 
gives to the bodies an unmistakable appearance. 

After the illness has continued for several days, together with 
the bodies described above, others appear which belong to the 
crescentic series. These bodies are (i) the typical crescentic 
body ; (2) the fusiform body blunted at the ends (cigar-shaped) ; 
(3) spherical bodies. 

A detailed description of the morphology of these bodies, as 
well as a statement of the divergent opinions which are held 
with reference to their origin and importance, has been given in 
Chapter 11. 

To illustrate the correspondence between the clinical symptoms 
and microscopical appearances in cases belonging to this category, 
the following case is given as a sample. 

K. S — has suffered for a week from attacks of fever daily ; 
the symptoms are only those of heat, and occur at about 4 p.m. 
The patient is very weak, he cannot walk, and had to be carried to 
hospital ; exceedingly pale typhoid appearance. The teeth dry, 
the papillae at the tip of the tongue swollen, the dorsum of the 
tongue coated with thick grey fur. The spleen distinctly palpable. 
Pulse 1 10^ dicrotic; tension normal. Daily two or three thin 
fluid stools. 

August 4th, 1892, 5 p.m. — Temperature 38® 0. (100*4® F.). 

Microscopical appearances : i. A few small amoeboid bodies, all 
unpigmented. 2. Very many melaniferous leucocytes. 

5th, 9 a.m. — ^Temperature 37° C. (98*6® P.). 

Microscopical appearances : i. A very few medium-sized bodies 
occupying a fourth to a third of the blood-corpuscle, and having 
a little heap of pigment. 2. Several copper-coloured bodies. No 
melaniferous leucocytes. 

4 p.m. — Temperature 38'2®C. (loo'y® P.). 

Microscopical appearances : Very few small pigmented bodies. 
2. A crescent with concentrated pigment. 

6 p.m. — Patient received o*66 grm. of quinine (loj^ grains). 

August 6th, 7 a.m.-»Patient received 0*66 grm. (10^ grains) of 
quinine. 
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lo a.m. — Temperature 36-5° C. {97'7° F.). Patient very wee 
Tongue dry, brown. 

Microscopical appearances: 1. Isolated crescents. 2. Fairly 
numerous melaniferous leucocytes. 

4 p.m. — Temperature 3g'4° C. (957° F.). Patient's general 
condition as this morning. 

From this time tliere was no recurrence of fever, and the 
threatening symptoms present at first soon gradually disappeared. 

In this case the striking disproportion must be noticed between 
the small number of parasites, the comparatively small rise in 
temperature, and the severity of the other symptoms. 

The creacenta appe'ared on. the eighth day of ihe disease. 

The fever produced by the quotidian parasite is characterised 
by the severity of the symptoms, and this holds good for both the 
unpigmented as well as for the pigmented parasites. Typhoid 
appearance, excessive pallor, diarrhoea, severe pains in joints, 
and tenderness of the bones are very frequently found in these 
cases. They are characterised further by the cachexia which 
follows the fever, and by the frequency of relapse. 

As already mentioned, the crescents appear in the blood with 
the greatest regularity soon after the commencement of the illness, 
as also the bodies associated with them, and they remain in the 
blood during the intervals, sometimes in compsny with isolated 
amteboid bodies. When these boilies are seen in a patient's blood, 
it can be with certainty decided that they have originated shortly 
before the attack of fever. As hmg as the microscojncal appear- 
ances consist solely of crescents and their spherical bodies there 
is as a rule no fever present. Indeed, the Roman school holds 
the opinion strongly that these bodies are not able to produce 
fever, but that on each occasion when a paroxysm of fever 
follows, it must be ascribed to eudocorpn scalar amoeboid bodies 
appearing in the blood together with the crescents. Marchiafava 
and Celli have seen cases in which, although there were very 
many cresceuts in the blood, the patients had no rise in tempera- 
ture ; similar observations have been made by other investigatorB, 
and my own experience agrees with them iu the vast majority of 
cases, but I must mention that I have notwithstanding met with 
several cases having a moderate paroxysm of fever in which I 
have sought iu vain for amoeboid bodies in addition to the cres- 
cent^s. It might indeed be conceived that they were not in the 
peripheral blood, but only in the vessels of the internal organs, 
and indeed I hold this idea to be very probable. From a clinical 
standpoint these cases must not be parsed over, and in the 
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accounts of patients which follow I shall introduce several 
belonging to this category. But^ as a rule^ at the time when the 
orescentic bodies are alone present fever is entirely absent ; the 
patients are in a more or less cachectic condition ; the diminished 
proportion of hsemoglobin in the bloody as well as the dimin- 
ished number of blood-corpuscles^ increases slowly or not at all — 
sometimes indeed decreases still further^ although there is no rise 
in temperature. 

After two to three weeks periods of fever may again occur, 
which are accompanied by an invasion of young amoeboid bodies. 
That these fevers are in fact not relapses^ but, as Golgi believes, 
cycles with long intervals, is proved to us by the fact that the 
paroxysms occar in hospital or in other places free from malaria 
just as frequently as in malarial districts. Now the next question 
is, in which bodies in the organism have we to seek the source 
of the infection which has for the time been latent f 

The most obvious explanation is to attribute to the crescents 
the cause of the relapses, and as a matter of fact this view has 
ranch probability. 

To raise this probability to certainty it would be necessary to 
prove that spores develop either from the crescents or from the 
spherical bodies of their series, and during their farther deve- 
lopment produce amoeboid bodies. 

It has previously been mentioned that Canalis believed he had 
seen spore-formation in various spherical bodies. Unfortunately 
he has not given any certain proof of this by staining the nucleus, 
and therefore his views may well be doubted. 

Also Colli and Guamieri's former view that the well-known 
'' buds '' on the spherical bodies were germinating bodies is ship- 
wrecked, owing to their non-nuclear character. Recently Grassi 
and Feletti state that they have found spore-forming spherical 
bodies (of the crescent series) in the splenic blood ; the drawings 
which they give of these bodies, however, are not conclusive of 
the correctness of their opinion, so that up to the present we 
cannot hold that the spore-formation of the crescentic bodies is 
certainly proved. 

On the other hand, I obtained the conviction from my own 
preparations that the segmentation of the crescents, first 
announced by Grassi and Feletti, undoubtedly occurs (see Plate 
III, fig. 52), and it is probable that this segmentation, in which 
the several limbs have a finely granulated appearance, stands 
in connection with reproduction. 

One also frequently finds crescents of which a part is wanting, 
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as in Plate III, fig. 40 ; probablj tbese are also segmented 
bodies. 

Golgi [gi] once expressed the opinion that spores are formed 
at the edge of the crescents, which are scattered by the barsting 
of the latter; this idea would agree with segmentation. As 
against these attempts to learn the further developmem of the 
crescents, Bignami, Bastianelli, Celli, and Marchiafava continue to 
maintain an opposite view, believing the crescents to be degene- 
ration forms which are perfectly incapable of further development, 
and which, after previously becoming vacuolated, disintegrate. 
There can be no doubt that there are degenerated crescents (see 
Plate IV, figs. 55, 56) in which drop-like formations are to be 
seen, and which one might consider to be spores if they did not 
change their form under the observer's eye, but from ttia one 
cannot draw the far-reachiog conclusion which the above-mentioned 
observers wish to deduce. In the third chapter I have stated my 
views with regard to the body in question being syzygies, and refer 
the reader to that chapter. 

The statements regarding the numerical relation of the cres- 
cents in the intervals free from fever, and the occurrence of the 
relapses do not quite agree ; whereas some have observed a 
decrease, others say that they have demonstrated an increase or 
no change at all. In this connection I have noticed no remark- 
able or at any rate no legitimate differences, for it has happened 
that on one day only isolated bodies of this description were 
found ; ou the next day they were very numerous, nor have I 
been able to confirm the statement made by several authors that 
the crescents more frequently change into flagellated bodies at the 
time of the relapse than during the interval. 

In stained preparations the young quotidian parasite appears 
like the immature forms of the tertian and quartan parasites. It 
possesses, as do they, nucleus, nucleolus, and protoplasm. In the 
spore-forniing biddies also the new spores show complete details 
of structure. Before the spore-formation the nucleus and the 
nucleolus seem to disappear in tliem as in the tertian variety. 

The malarial infections which occur from the pigmented 
qaotidian parasites often show a pemicioos character. In oon- 
eeqnence of the greater adhesiveness of the parasites, tHe small 
msels may become blocked if a sufficient number are present. 
HMWiIti this happen, aa it may do, especially in the capillaries oE 
tk« brain, then a malarial jvmicio^a eomatota occurs, which fre- 
^neatly ends fatally. In Plate IV, 6g. 67, a drsiring of a 
hnim capQUiy ia given, which ts filled by infested blood-ooa-' 
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pnBcles. The parasites belonged to the species which we have 
jast discussed^ and they were in all the stages previous to spore- 
formation. This is recognised by the concentration of the pigment. 
I have to thank Professor Celli for this preparation^ which was 
made from a patient who died from a comatose pernicious fever. 

(b) The Unpigmented Quotidian Parasite. 

The presence of a malarial parasite which forms no pigment, 
and which also forms solely unpigmented spores^ has been 
demonstrated by Marchiafava and Celli. This appearance forms 
one of the most beautiful discoveries in the field of malarial 
SBtiology made by these indefatigable and successful investigators. 

With the exception of the want of pigment^ this parasite 
resembles the pigmented quotidian parasite so completely that 
we can omit a separate description. It shows in the immature 
condition the same amoeboid movement as does the other, and 
completes its cycle in a similar period of time, or possibly rather 
sooner, owing to which circumstance Marchiafava and Celli 
explain its want of pigment. 

The spore-formation only takes place in the internal organs, 
and the infection must, indeed, be very severe if the spore- 
forming bodies are able to reach the peripheral blood. Marchia- 
fava and Celli [71] report a case of comatose pernicious fever in 
which the peripheral blood contained an immense number of 
spore-forming bodies. 

On Plate lY, fig. 66, a drawing is given of a cerebral capillary 
with the spore-forming bodies of the unpigmented parasite. 
Fig. 65 represents a transverse section of a cerebral capillary ; 
there it is clearly seen that the infected blood-corpuscles lie 
along the wall of the vessel, and in this way diminish its lumen. 
For this preparation I have also to thank Professor Celli. 

Jnst as with the pigmented quotidian parasites, crescents 
develop in these cases; and here also pigment elements come 
under consideration, for the crescents are, without exception, 
pigmented. If, however, the patient catches the infection before 
the crescents have developed, one has then to deal with a completely 
unpigmented malaria. Indeed, Marchiafava and Celli have 
observed such cases. 

It is necessary to know that Antolisei and Angelini (p. 320) 
have often found in the spleen, the brain, and the bone marrow 
small pigmented bodies in cases where only unpigmented parasites 
were seen in blood from the finger. One cannot, therefore, from 
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a. consi deration of the finger blood alone, exclude with ahaolnte 
certainty the presence of pigmented bodies, for it is always 
possible for them to remain in the internal organs. With tlis 
reservation — for I made no puncturing of the spleen — I give here 
the history of a case which illustratea this anbject. 

D. J — , Eet. 19, woodcutter, is said to have suffered from fever 
for a week ; rigors have not occurred. Severe headache ; paiE in 
the limbs; has been constipated for a week. 

August 12th, 1892, 10 a.m. — Temperature 39'5° C. (io3'i F.). 
Patient very ill in bed, and groans. Tongue dry and cracked. 
Spleen just palpable. 

Microscopical appearances : Numerous small, amceboid, unpig- 
mented bodies. 

4 p.m. — Temperature 40'2° C. (l04'4'' F.}. 

Microscopical appearances : I ■ Very numerous unpigmented 
bodies in slight movement, double infection of blood-corpuscles 
frequent. 2, In isolated leucocytes coarse pigment grttnules. 

7 p.m. — Temperature 39° C. (i02'2° F.) ; 0-33 grm. (5-1^ grains) 
of quinine administered. 

i3tli, 5 a.m. — 0-33 grm. {5-5^ grains) of quinine. 

9 a.m. — Temperature 37'6'' C. (99"6° F.). 

Microscopical appearancea : i. Numerous amceboid, moving, 
nnpigmented bodies. 2. Extremely numerous copper-coloured 
bodies, the parasites of which have an amceboid movement. No 
pigment to be seen in any of the bodies, only here and there a 
basmoglobin granule. 

10 a.m. — o'66 grm. (105 grains) of quinine. 
4 p.m. — Temperature 39"2'' C. (io2-5° F.). 

Microscopical appearances : i. Very numerous amceboid bodies. 
2. Equally numerous cop per- col cured bodies. 3. A spheroid of 
the crescent series. 

7 p.m. — Temperature 40'5° C. (104*9° ^0 i 0*33 gramme 
(SiV grains) of quinine. 

14th, 5 a.m. — o'33 gramme (5-^ grains) of quinine. 

9.30 a.m. — Temperature 37*2° C. (98"9° F,). 

Microscopical appearances: i. Less numerous amceboid per- 
fectly unpigmented bodies, some with hremoglobin enclosures. 

Isolated crescents. 

7 p.m. — Temperature 39°C.( 1 02"2°F.) ; 0'66gramme (10^ grains) 
of quinine. 

15th. — Patient groans with weariness and pain in the limbflj 
he looks weak. 
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9 a.m. — Temperature 37* C. {gS'6° P.) ; 0'66 gramme ( ic4 ffrainB) 
of qttiniiie. 

Mioroaoopical appearances: i. Isolated onpigmented bodies. 
2. Isolated crescents. 

7 p.m. — Temperature 38-3° C. (ioo'9° F.) ; o-66 gramme (loj 
grainB) of quinine, 

i6th, 10 a.m. — Temperature 35-8° C. {96'4° F.). Profuse per- 
spiration. 

Microscopical appearances: i. Very few small bodies. 2. 
Isolated crescents. 

After this the patient had no more fever. 



D. J^. Pure Quolidian {Unpigmented Qiiotidian ParoBite). 
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The type of fever was pure quotidian, which, to judge from 
the history of the patient and the beginning of the temperature 
onrve, was preceded by a continued fever. 

The pigment already observed in the leucocytes daring the first 
days mMtt have had its origin in crescents, for in the inon- 
merable amosboid bodies not a grannie of pigment was to be seen ; 
spore-forming bodies were also quite absent. 

The fevers caused by the onpigmented quotidian parasite, as 
also those of the pigmented quotidian parasite, occur most fre- 
qnently in summer and antamn ; I have obssrved most cases in 
the months of August and September. The single paroxysms seen 
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in this variety aleo present more seldom the typical coarse whidi 
we are accustomed to see in t^e tertian and quartan varieties, and 
the patients as a rule complain less of heat and cold than of 
headache, pain in the limbs, diarrhoea, vomiting, and weakness. 
They very frequently appear to be very ill ; the weakened condi- 
tion of the organism generally continues after the period of fever, 
convalescence follows very slowly, and is, as already mentioned, 
often interrupted by relapses of fever. 

Some remarks will be made later on in regard to the amount 
of heemoglobin and the number of the red blood-corposcles. 

(c) The Malignant Tertian Paratite. 

This variety of parasite has recently been separated from the 
other forma by Marchiafava and Bignami [gg, page loo]. In its 
morphological relation it stands very near to the pigmented 
quotidian parasite, from which, as the authors themselves admit, 
in many stages of its development it can hardly be differentiated 
with certainty. 

The chief differences between it and the other types which are 
BO nearly related to it are, according to Marcliiafava and Bignami, 
the following : 

1. Its cycle of development lasts for forty-eight hours. 

2. The pigment sometimes shows oscillating movementSj which 
does not happen with the quotidian parasite. 

3. The parasite reaches a considerable size ; at the time of 
spore-forming it fills from a half to two thirds of the blood- 
corpuscle. 

4. The advanced deeply pigmented stages still have an active 
amoeboid movement. 

5. The unpigmented stage lasts for more than twenty-foor 
hours. 

The following differences exist between it and the ordinary 
tertian parasite : 

1. The malignant tertian parasite is in all its corresponding 
stages smaller than the ordinary tertian parasite. 

2. It often assumes the ring form, which that of Golgi never 
does. 

3. The pigment is more sparse, and but rarely has any 
movement. 

4. The infested red blood -corpuscles are inclined to shrivel, 
whereas in the ordinary tertian form they become distended. 

5. The spores of the pernicious tertian are smaller, and on an 



I CLASSIFICATION OF THE MALARIAL PARASITES. 3S9 

average not bo nnmerous (eight to fifteen) as those of the ordinary 
tertian. 

6. The pemicioDB parasite forms crescents, which never happens 
with the others, 

After noting these deviations from the other forms already 
dealt with, it is not necessary to give a detailed description of the 
pernicions tertian parasite, and we will now consider the clinical 
description of the pernicious tertian as sketched by Marchiafara 
and Bignami. 

The Tnost interesting part of it is the fever curre ; we see, nameli/, 
that the apyrexial intervals are very short, and often only last several 
hours. The rise in temperature oecara in typical cases with great 
regularity at intervals of two days, and indeed suddenly, as is 
always the case in the fever paroxysms ; the fever remains for 
a time, and then falls with a pseudo-crisis, again to rise and 
form a pre-critical elevation, which often exceeds the previous 
maximum ; then follows sudden defervescence. The complete attack 
lasts as a rule longer than twenty-foitr hours. It mag reach a 
duration of from thirty to forty hours. 

The temperature curve often shows variations from this typical 
chart ; for instance, the pseudo-criais can be more marked, the 
temperature falling to 37° C. (98'6'^ F.}, whereby the attack loses 
ique character, or lasts longer than forty hours, so that, 
nstead of apyresia, only a remission occurs : further slight rises 
n temperature may occur during the apyrexia. A duplication of 
the paroxysm may also occur (tertian maligna duplex). 

Under the microscope are seen, before the attack, pigmented 
parasites almost half filling the blood-corpuscles ; at the com* 
mencement of the attack the parasites may be completely absent 
from the blood, and it is only after the paroxysm has lasted 
some (about six) hours that the forms of a new generation 
appear, which, as has already been mentioned, remain through 
twenty-four or even forty-eight hours unpigmented, so that they 
can be seen eight or ten hours before the attack still unaltered, 
or so rapidly pigmented that already at the end of the attack 
pigmented bodies are to be seen. 

The origin of the peculiarly formed temperature curve is 
explained by authors in this way, that the spore -formation of tha 
bodies present occurs not all at once, but in batches. 

The spore-formation here also occurs, as in the other two species, 
chiefiy in the internal organs ; the formation of the crescents 
shows equally no deviation. 
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Typical Temperature Chart of the Malignant Tertian Fever, after 
Marchia/ava and Bignami. 
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It is noteworthy that both these authors have foand that ihe 
in these cases usually possess the same type (often more 
clearly defined) as the initial fever. 

Grassi and Feletti [86] do not acknowledge that this new 
variety of pernicious tertian fever parasite is sufficiently 
characterised, and they believe that in Marchiafava andBignanii's 
cases an ordinary tertian parasite ia mixed with the pigmented 
quotidian parasite {Sfemamceha prsecox and H. vivaj:). 

I cannot, however, put aside Marchiafava and Bignami's 
opinions, as is done by Grassi and Feletti, for I have met with 
a considerable number of patients who definitely gave me a 
history of tertian fever, but whose blood showed only email 
bodies which could certainly not be mistaken for the ordinary 
tertian parasites. It did, however, turn ont when observed in 
hospital that several of these patients had quotidian fever, bat 
the pretence of the tertian ttfpe was det>ioneiraled in wuiny nf 
them. 

Previous to Marchiafava and Bignami pablishing thetr preliini- 
nary reports, this fact had aroused my interest in the summer of 
1)^91, and only the wish to fret study the conditioBs more in 
detail prevented me from then publishing a commnnicstioii 
concerning the malignant tertian fever. In the summer of 1892 
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I was able^ with further cases, to oonfirm the definite existence 
of this fever. 

Of the cases met with I publish two at this place. 

K. W — ^ 89t. 42, has suffered for six days daily from severe 
long-continuing rigors, followed by heat and sweating ; the 
attacks commence aboat 2 a.m., but sometimes not till about 
8 a.m. ; patient complains of severe headache, pain in the limbs, 
loss of appetite, and diarrhoea. The colour of his skin is slightly 
jaundiced, the sensorium clouded, tongue dry, spleen distinctly 
palpable and painful. 

August 22nd, 1891, II a.m. — Temperature 41*5° C. (1067° F.). 
At four this morning patient was attacked by rigors. 

Microscopical appearances : Very numerous amoeboid bodies, 
some of them the very smallest, others rather larger, all unpig- 
mented. 

4 p.m. — Temperature 39-8° C (103-6° F.). 

Microscopical appearances : i. Numerous very small and 
rather larger amoeboid bodies without pigment ; multiple infec- 
tion of a blood-corpuscle. 2. Very many copper-coloured bodies, 
whose parasites contain fine pigment. 3. A melaniferous leucocyte. 

7 p.m. — Temperature 38° C. (100*4° ^O- 

During the night profuse perspiration. 

23rd, 9 a.m. — Temperature 36*4° C. (97*5° F.). 

Microscopical appearances: i. Very numerous small forms, 
which occupy about a fourth of a red blood-corpuscle. They 
move very little, and many of them contain pigment, which is 
throughout peripherally situated. 2. Very numerous copper- 
coloured bodies, most of them containing pigmented ring-shaped 
parasites. 

About 2.15 p.m., rigors. 

3.30 p.m. — Temperature 40° C. (104° F.). 

Microscopical appearances : i . Numerous quiescent endo- 
oorpuscular bodies of the size of a fourth of a blood-corpuscle, 
containing more pigment, which in some is still scattered and 
moving, in some peripherally concentrated and quiescent. 2. 
Several spore-forming bodies in markedly diminished blood- 
corpuscles. 3. Many copper-coloured bodies. 4. Numerous 
shrivelled and decolorised infested blood-corpuscles (diaphanous 
form). 5. Many very immature, still unpigmented, actively 
moving parasites attached to the blood-corpuscles (young gene- 
ration). 

5.30 p.m. — Temperature 407° C. (105*3° F.). 



362 MALAHIAL PARASITES. 

7 p.m. — Temperature 40^ C. (104° F.). 

34th, 9 a.m. — Temperature 38° C. (ioo'4° F.). {At 5.30 a.m. 
o'66 gramme of quinine given — 1&5 grains.) 

Microscopical appearancea : i. Knmerous amoeboid bodies, verj 
small and middle-sized ; all unpigmented. 2. A melauiferoDS 
leucocyte. 

II a.m. — Temperature 39' 2° C. (102*5° F.). 

4 p.m. — Temperature ^I'b" C. (io6-8° F.), 

Microscopical appearances: i. Numerous amoeboid forma, 
middle-sized ; a few pigmented amongst them. 2. Many copper- 
coloured bodies. 

7 p.m. — Temperature 4o-2° C. (io4'3° F.) ■66grm. {lo^ grains) 
quinine given. Profuse nigtt sweat. 

25th, 5 a.m. — '66 gramme (10^ grains) quinine given. 

10 a.m. — Temperature 36-5° C. (97'7° F.). 

Microscopical appearances : I. Numerous small, peripherally 
placed parasites, mostly immobile, all unpigmented. 2, A melani- 
ferons leucocyte. 3. One syzygy (composed of two middle-sized 
bodies). 

4 p.m. — Temperature 37"!° C. (98-7° F.). 

Microscopical appearances : The same as this morning, all 
parasites unpigmented. 

7 p.m. — Temperature 37*3° C. (99'i° F.). 

26th, 9 a.m. — Temperature 37*5° C. (99'5° F.). 

Microscopical appearances : i . A few small unpigmented bodies. 
2. Many laden melaniferous leucocytes. 3. Several crescents and 
spherical bodies of the crescent series. 

The patient remained thereafter free of fever, and waa dis- 
missed from hospital before a relapse. 

The fever chart, which, indeed, only contAined one fully 
developed attack, notwithstanding shows clearly the tertian 
type, because between the two short periods of apyrexia there is 
an interval of exactly forty-eight hoars ; also the attack of fever 
itself shows that curve which is described by Marchiafava and 
Bignami as typical. The psendo-critical fall in temperature and 
pre-critical elevation is perfectly well marked. 

Before the attacks quiescent pigmented bodies were seen, 
which have for the most part filled the red blood-corpuscles ; 
these are not enlarged, but rather shrivelled ; daring the attack, 
and especially after it, the young nnpigmeated generation filled 
the microscopic field. 

It is farther interesting that after the administratioD of the 
qainine the parasites did not reach the pigmented stage, and tliat 
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they were no longer in a condition io digest any hEemoglobin, bnt 
became necrotic and perished. 



Summer Tertian Fever {Malignant Tertian Parasite) 





n- 




itt 


4^ 


-fM- 


M\ 


4i^- 


+1 






















[--- 


T~ -i — 




^ 




U- 






*1 


f"- 










■-[ 
































































































30'5 


-_;- !| 


L-t 


T 


\ \ 


T-. 


U- 




„. - 












-M- 


-*-i 


-^f- 


— r+- 


4- J. 


4—^ 




















f-H 
















































































































-t-j-i- - 


_ 


1-L. 


— 


_^i 




-t_ 


— .. 




-H--! 


-1 \-'] 


■f": 




-^■ 


[-U 




:^ 






















- J4- 


nvd 


4--1 


-H-L 


— r 




-f- ^ 


h 




-ii 


4 TjTi 


-k4 


-)-T-^ 


— + 




--M- 


"t 





















The crescents were first seen on the tenth day of the illnese, 
after the day when fresh conjagations had been observed. 

A — , tot. 27, has suffered for six days irregularly from coldness 
and heat ; complains of severe headache and pains in the limbs. 

Angnst 19th, 1892, 4 p.m. — Temperatni-e 36° C. (96'8° F.). 
The spleen distinctly palpable. 

Microscopical appearances : A few isolated small forms with the 
finest pigment. 

20th, 9 a.m. — Temperatare 38° C. (ioo'4° F.). 

Microscopical appearances : Isolated small forms, some of them 
with pigment masses inside. 

4 p.m. — Temperature 41° C. {i05'8° F.). 

Microscopical appearances : t . Very nameroas amceboid un< 
pigmented bodies. 2. Isolated ones with a small pigment mass. 
Multiple infection frequent. 3. A crescent which easily changes 
its form, and has a slight double contour ; the pigment in it 
scattered and the grouping changing. 

2i8t, 9 a.m. — Temperature 36-2° C. (97' i'' F.). 

Microscopical appearances : i . Rather numerous unpigmented 
amoeboid forme. 2. Separated bodies which about fill the half of 
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the blood-corpaacle, with pigment granules which oscillate actively 
within a narrow apace. 

5 p.m. — Temperature 35'3° C. (97"3° F.)- 
22nd, 10 a.m. — Temperatare 38'5° C, {ioi'3° F.), 
Microscopical appearances r Very few small forms withont pig- 
ment. 

4 p.m. — Temperature 39'6'' C. [io3'3° F.). 
7 p.m. — Temperature ^o'z° C. (io4-3° F.). 
23rd. — No attackj nor on the remaining days. 

A — . Summer Tertian Fever {Malignant Tertian Paraiilet). 




Here the curve also shows the tertian type, althongh of the 
character of the ordinary tertian without prolongation of the 
attacks, and with a full day's interval of apyrexia. 

The existence of a tertian fever without Golgi's forms, but showiiig 
only email crescent-forming parasites, is therefore a definitely proved 
fact. 

Another question is whether the parasites found in these fevers 
are to be considered as different in kind from the pigmented quo- 
tidian parasites or not. 

A decided answer cannot at present be given to this qneation, aad 
we will wait for the result of further investigations in this direction. 
In stained preparations it is seen that the details of structure 
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of the pernicious tertian parasites correspond with those of the 
other kinds. 

The drawings (Plate lY^ figs, i to 12) lead one to suppose that 
here also the loss of the nucleus and nucleolus precedes spore- 
formation. 

In connection with the crescent-forming parasite species, three 
histories of patients are given which show that fever may also occur 
when apparently only crescent bodies are present. 

M — has suffered for fourteen days from attacks of tertian fever, 
which occur at about 2 p.m. with a slight rigor, soon after followed by 
extreme heat. The last attack occurred the day before yesterday. 

August i8th, 1892, II a.m. — Temperature 37*2° 0. (gS'g® P.). 

Microscopical appearances : Exceedingly few small amoeboid 
bodies. 

2 p.m. — Patient shivering slightly. 

5 p.m. — Temperature 396° 0. (103*2° P.). 

19th, 10 a.m. — Temperature 36*2° 0. (97*1° P.). 

Microscopical appearances : One amoeboid body discovered 
after a long search. 

5 p.m. — Temperature 37*2° 0. (98"9° P.). 
20th, 9 a.m. — Temperature 37*4° 0. (99"3° P.). 
Microscopical appearances the same as before. 

6 p.m. — Temperature 38° 0. (100*4° ^O* 
2ist, 9 a.m. — Temperature 36*6° 0. (97"9° P.). 
Microscopical appearances : A few crescents. 
5 p.m. — Temperature 37*1° 0. (987° P.). 

8 p.m. — Temperature 37-7° 0. (99*8° P.). 

22nd, ioa.m. — Temperature 37*1° 0. (98*7° P.). 

Microscopical appearances : i . Several crescents with scattered 
pigment. 2. Several melaniferous leucocytes. No small amoeboid 
bodies. 

5 p.m. — Temperature 38° C. (100*4° P.). 

Microscopical appearances .* Several crescents, no amoeboid 
bodies. 

7 p.m.— Temperature 39*9° 0. (103*8° P.). 
23rd, 10 a.m. — Temperature 363° C. (97*3^ P.). 

6 p.m. — Temperature 37° 0. (98*6° P.). 
Microscopical appearances as before. 

24th, 10 a.m. — Temperature 37*7° 0. (99*8° P.). 
4 p.m. — Temperature 37*8° 0. (100° P.). 

Microscopical appearances : Several spherical bodies of the 
crescent series. 
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7 p.m. — Temperature 40'3° C. (104-5° ^■)- 
25th, 10 a.m. — Temperature 36'5° C. (977° F.). 
Microscopical appearances : Several crescents and spherical 
bodies. 

M — . Irregular Fever {Crefcentic Bodies). 
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In this case there were only ou the first two days exceedingly 
few amoeboid bodies to be seen, whilst later only crescents were 
found ; the fever had a tertian type predominating. 

G. C — , canal worker, is said to have su0ered for three weeks 
from fever, which at first was of the tertian type, bnt later on 
quotidian in type. The attacks consist sometimes of chill, 
sometimes of heat. There are profuse night sweats. Patient 
feels very weary ; his whole body pains him, especially his head 
and legs. He is fairly pale. Spleen distinctly palpable. 

October 7th, 1891, 4 p.m. — Temperature 38'7° C. (101-6" F.). 

Microscopical appearances: 1. Very numerous crescents and 
their spherical bodies. 2, Several melaniferons leucocytes. 

Sth, 9 a.m. — Temperature 38-2° C. (100-7'^ P.). 

Microscopical appearances : The same as yesterday, only rather 
fewer parasites. No smalt bodies. Haemoglobin 70 per cent. 
Number of blood-corpnscles 3,217,000. 




OLASSIFIOATION OF THE MALARIAL PARASITES. 867 

4 p.m. — ^Temperatare 38*3° 0. (100*9° ^O* 
loth, 9 a.m. — Temperature 36*2° 0. (97' 1° F.). 

4 p.m. — ^Temperature 36-5° C. (977° F.). 

Microscopical appearances : Numerous crescents and their 
spherical bodies^ the latter frequently flagellated^ &c. 

In this case no amoeboid bodies were seen, but only numerous 
crescents and their spherical bodies. Of the latter a remarkable 
number were flagellated. 

K — has for a fortnight suffered from heat every evening 
without previous shivering. Severe headache ; profuse perspira- 
tions ; patient is rather anaemic ; spleen on percussion found to 
be enlarged, but not readily palpable. 

October 8th, 1891, 4 p.m. — Temperature 37*5° C. (99*5° F.). 

Microscopical appearances : Innumerable crescents and their 
spherical bodies. No small bodies. 

9th, 10 a.m. — Ten;iperature 38*5° C. (10 1*3° F.). 

Ificroscopical appearances : Very numerous crescents and their 
spherical bodies, the latter often flagellated. 

3 p.m. — ^Temperature 38*3° C. (100*9° F.). Haemoglobin 
60 per cent. Number of blood-corpuscles 2,988,000. 

Microscopical appearances as before ; exceptionally numerous 
flagellated spherical bodies. 

In the evening 0*66 gramme quinine (10^ grains) administered 
to patient. 

loth, 9 a.m. — Temperature 35*8° 0. (96*4° F.). 

5 p.m. — Temperature 37° 0. (98*6° F.). 

Microscopical appearances as before ; still many flagellated 
bodies. 

I ith, 9 a.m. — ^Temperature 36° 0. (96*8° F.) . 

Microscopical appearances the same as before. 

5 p.m. — ^Temperature 36*2° 0. (97*1° F.). 

12th. — The patient remained free from fever, but there are 
Btill crescents in diminished number and their spherical bodies to 
be seen in his blood. 

In this case also the amoeboid bodies were completely wanting. 
On the other hand, the flagellated spherical bodies of the crescents, 
as also the crescents themselves, were present in large numbers. 
It is noteworthy that though these elements still remain in his 
blood the fever so soon stopped. 

Lastly I give a case of masked malarial fever. 

A. £ — ,8et. 5 1, is said to have suffered fourteen days from typical 
tertian fever. The attack occurred every afternoon, the last 
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yesterday. Pale cachectic-looking man with a i3istinctly palpable 
spleen. 

September 25th, 1891, 10 a.m. — Temperature 36'3" C. (97-1° F.]. 

Microscopical appearances ; Numerous crescents and their sphe- 
rical bodies. 

4 p.m, — Temperature 36"5'' C. (97"7° F.), 

26th, 9 a.m. — Temperature 36"3° C. (97'3° F.). 

At 2 p.m. in the afternoon the patient was attacked with severe 
brow ague on the right side. At the same time he felt shiverj 
and weak in his limbs. 

3 p.m. — Temperature 36"7° C. (98° F.}. Patient felt hot and 
perspired. 

Microscopical appearances : Several crescents. 

28th. — Patient had no fever yesterday, and appears to have 
felt quite well. 

9 a.m. — Temperature 36"5° C. (97'7° P-)- 

Microscopical appearances unchanged. Hsemoglobin 60 per 
cent. Number of blood-corpuscles 3,281,000. 

2 p.m. — Attack of brow ague in the same way as on the day 
before yesterday. 

3 p.m. — Temperature 36'5° C. (97'7° F.). 

In like manner every second afternoon there followed an attack 
of brow ague. The supra-orbital nerve was very sensitive to 
touch during this time. A fever temperature could never be 
ascertained. The administration of quinine remained withoot 
success, showing the welt-known resistance of the crescentio 
bodies to this drug. 

Mixed Infections. — In the previous sections it has been already 
repeatedly pointed out that the organism can be the boat not 
only of one species of parasite in various generations, bnt of 
several species at the same time. 

The combinations of the 6ve species at present known appear 
to take place in all kinds of ways ; most frequently the pig- 
mented and unpigmented quotidian parasites combine together; 
frequently also a mixed infection between tertian and quartan 
parasites occurs, or between the tertian parasite and one of the 
quotidian parasites. 

The relationship can be very complicated at times ; Golgi [37] 
found, for instance, in the blood of a man suffering from remit- 
tent fever, three generations of the quart&n parasite and two of 
the tertian; and the elevation of the temperature agreed com- 
pletely with the microscopical appearances of the blood. 

The type of fever in mixed infections is determined by the 
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type of the component parts^ and it is comprehensible that con- 
tinned^ sabcontinned^or even irregalar fevers may frequently occur. 
It is farther to be noted that mixed infections may occar in 
which only one variety of parasite is accoantable for the type 
of fever^ whereas the presence of the second variety is only 
ascertained by its being found in the blood. This is the case, 
for instance, when anyone who has crescentic bodies in his 
bloody which, as we have seen, as a rale produce no fever for 
two or three weeks (until a relapse), receives in addition an 
infection with the common tertian parasite ; the progress of the 
fever in such a case would be simply that of the tertian type, 
notwithstanding that, at the same time, a mixed infection is 
present. The following two cases are examples of mixed 
infection. 

W. Gr — , 8dt. 43, is said to have suffered from attacks of fever 
daring the last three weeks. At first the attacks occurred daily, 
later the type was irregular, and at present an attack occurs 
every two or three days. The paroxysms show the classical 
symptoms. The last attack occurred yesterday evening. 

October 4th, 1891. — The patient is an anaemic and cachectic- 
looking weakly man. The spleen projects three fingers' breadth 
below the ribs. 

9 a.m. — Temperature 377° 0. (99*8° P.). 

Microscopical appearances : 

1. Numerous unpigmented small para- 

sites, signet-ring shaped; amongst 
them also rather large, round, and 
amoeboid parasites. 

2. Several crescents. 

3. Numerous copper-coloured bodies. 

4. Several large pigmented forms almost completely filling 

the blood-corpuscles ; the pigment in them is slightly 
moving ; the infested blood-corpuscles are often hyper- 
trophied and decolorised (mature tertian forms). 
5 p.m. — Temperature 38*5° C. (101-3° P.). No previous 
shivering. 

5th, 9 a.m. — Temperature 37*5° 0. (99*5° P.). Patient feels 
very weak, and complains of a continual pressure in the splenic 
region. 

Microscopical appearances : i. Several crescents. 2. Several 
melaniferous leucocytes. Haemoglobin 42 per cent. Number of 
red blood-corpuscles 2,217,000. 
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Unpigmented 
>- quotidian 
parasite. 




jBiit has received, i 
Dimne (15 grains) daily in three doses, 
4 p.m. — Temperature 38"4° C. (ioi"i 
6th. — Profuse night sweat. 
10 a.m. — Temperature 36° C. (96"8° F,). 
Microscopical appearances : i. A few creecenis. 
n oocyte 8 with coarse pigment clots. 
4 p.m. — Temperature 36'4° C. (97'4° F.). 
i6th. — The patient has remained free from f 
lote. Haamoglobin 65 per cent. Nnmber of hloi 
j,o8 7,000, 

The infection was therefore that of an ordinary t 
ereneration, which gave way to the treatment with quin 
:he same time unpigment^d quotidian parasites were ; 
these also disappeared under the quinine, and only left 1 
the crescentic bodies. The type of fever was quotidian ; ncFi 
theless on two days there was no absolute apyrexia, for I 
tnoming temperatures of ^Ts" C. (995° F.) and 37-7° C. (99'8 
were rather fever temperatures in such a cachectic man. 



F — . Quotidian Fever {Mixed Infection of Two Oenerations of 
Tertian Parasites and the Pigmented Quotidian Parasite) . 
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F — , a9t. 20, ■ 
attack of fever :•_ . 
feeling, several h : . • 
ingly severe headi.. 

September 34th. 
spleen projects tw-: :: 

5.30 p.m. — Tempera- 
Microscopical appt-L". . 
amoeboid bodies with :i- 
signet-ring shape, i. .l- 
endocorpuscnlar bodies 
bodies^ with many spcrt- 
blood-corpuscles. 

7 p.m. — Temperature .: , 

25tli, II a.m. — Tempens-.i.T 
night profuse perspiratict 

Microscopical appeaniL^-se- ^ 
forming bodies ; nevertbejt)* j^_ 
loped bodies. 

4 p.m. — Temperature 4^-5 ', 
patient received 0*66 gmmxoh v . 

26th^ 9 a.m. — Temper&tiu% -r 
(10^ grains) quinine given ^sutr 

Microscopical appearancec : \* 
mented forms. 

4 p.m. — Temperature 38'2' C 
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Microscopical appearancei 

30th. — Since the 26th thepttutie:^^ - j^^^ ^^ little as has a 
but he perspires considerably act ji^ ^' "^8 have not even the 

Microscopical appearances : Xitiita^ '^'^^nt an altered crenated 
spherical bodies. Haamoglobin j' ^ ' 
corpuscles 3,066,000. 

October 6th. — Patient has reaMu&Wt 

Microscopical appearances negMtv^ 

The infection consisted here of vm\, 
tertian parasite and of the pigmMtiM 
fever had the quotidian character. 
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CHAPTER VII. 

THE DIAGNOSIS OP THE MALABIAL PARASITES — THE DIAON08TI0 
VALUE OP POSITIVE MIOItOSCOPIOAL RESULTS — NEGATIVE 
RESULTS. 

It will probably appear to be nnnecessary^ after having given 
detailed descriptions of all the forms and phases of the malarial 
parasite, if I now once more refer to their diagnostic value. 

That I do not omit doing this is justified by the fact that even 
until recently it often happened that substances in the blood 
were regarded as malarial parasites which were not really so, 
whilst it certainly repeatedly occurs that the parasites which 
are present are overlooked by the inexperienced observer, however 
good his intentions may be. 

The malarial parasites can naturally only be mistaken for such 
bodies as are contained in human blood. 

These bodies are the red blood- corpuscles, the white blood- 
corpuscles, the blood-plates, and the products of coagulation. 

It is probable that a normal red blood-corpuscle has hardly 
ever been considered a malarial parasite, just as little as has a 
phantom blood-corpuscle,^ for these forms have not even the 
remotest resemblance to the parasites. But an altered crenated 
blood-corpuscle might be mistaken for a copper-coloured body, 
or a mistake might be made between the swarming fragments of 
the red blood-corpuscles which are frequently seen (and which 
appear in the form of little balls, threads of beads, or oblong 
threads with snail-like motion) and the free flagella. The greatest 
danger, however, occurs with the '' vacuoles '* of the red blood- 
corpuscles, which may impose upon the inexperienced, who may 
take them to be unpigmented immature forms of the parasite. 

The crenated forms are differentiated from the copper-coloured 

bodies in that they do not contain parasites ; in the latter these 

are always seen as ringlets, or as bright, roundish oval, slightly 

pigmented or unpigmented specks ; further, the crenated forms 

^ (BlntkOrperchenshatten.) Invisible blood-corpaacle of Morris P 
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-ess pointed cogs, whereas the copper-coloared btx 
leased, folded appearance (see Pi. II, fig. 49}. 

The Bwartning fragments of the red blood-corpai 

)re or leBB the colour of hfemoglobiD, whilst the a 

gella are perfectly colourless, and sometimes have ia tb 

more exceedingly fine pigment granules. The swanuii. 
ils and tkreads of beads do not, on accouat of their uoan 

pearaooe, resemble the flagella. 

The "vacnoles" of the blood-corpusctes are in many reepec 
ery similar to the unpigmented parasites. As ia known, theie^v 
toaoles reaalt from mechanical injury which has occurred to the^ 
'eparatioii} and the more carefully the drop of blood has l>eei^ 
'•■eed ont, &c., the leas frequently do they occur. Vacuoles also 

tar if, for instance, a drop of oil from the lens finds its way into 

3 Bpeoimen, or if the preparation is several hours old. 

TheBe vacuoles are really not what their name expresses ; they 

re not small empty spaces in the blood-corpuscles, bnb contractions 

if the hfsmoglobin substance, possibly zooids (Briicke), so that at 

♦,Jie places where this contraction has occurred only the delicate 

onrleBB stroma (Oikoid ?} which appears upon the blood-cor- 
poBole as a bright point or ringlet, &c., according to the extent 
of the contraction, is to be seen. That it is indeed a contraction 
of the hssmoglobin substance, and in consequence of this a 
ainldng in of the blood-corpnscle at the point in question, can \k 
easily demonstrated in the method I have frequently before 
recommended, namely, of examining the object with an open Abbe 
and with oblique illumination from a convex mirror; with this 
illumination the " vacuoles " appear as furrows on the smooth 
npper earface of the blood-corpuscle. 

The vacuoles have, further, the pecnharity of being able to 
change their form in a way which calls to mind the amoeboid 
movement of the parasite. 

In Plate II, figs. 67 — 70, a vacuole is shown in its changes 
of shape ; these occur more actively on a warm stage. The 
shape and size of the vacnoles vary considerably from the finest 
point ap to large spaces occupying two thirds of the blood- 
corpuscle. It also happens not infrequently that in one blood- 
corpuscle many small vacuoles can be seen (see PI. II, fig. 71}. 

The most important difference between vacuoles and parasites m 
that the former possess no structure, while the latter, as litnng 
organisms, invariably do. 

In fresh preparations the vacuoles are difEerentiated from the 
parasites in having a well-marked shai^ contour, whilst the 
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amoeboid bodies^ before they become qaiescent^have an exceedingly 
delicate margin, which almost fades into the substance of the 
blood-corpuscle. The vacuoles have, further, a brilliancy which 
is not possessed by the parasites. The details of the differences 
are difficult to express shortly in words, but by a little experience 
it is possible in the majority of cases to decide with certainty one 
way or the other. 

It must still be noted that the predominating ring form greatly 
suggests the parasite; further, that if one sees a considerable 
number of speckled red blood-corpuscles, whilst such are not 
present in another part of the preparation, it is vacuoles which are 
present and which have been produced by some local influence upon 
the preparation (pressure, oil, &c.). 

The vacuoles can naturally never be mistaken for pigmented 
parasites, for they possess no pigment. With respect to the 
white blood-corpuscles, there are frequently pigment-carrying 
leucocytes seen in malarial blood which can be mistaken for 
parasites. With reference to this it should be noted that in the 
white corpuscles there are always one or more large compact 
nuclei visible, which is never the case in parasites. In fresh 
preparations only now and again a nucleus is seen in them, but it 
has always a vesicular form and a darker round disc. The 
nucleolus is seen in the vesicle. 

The amoeboid movements of the leucocytes cannot lead to any 
mistake, because the fully developed forms of the malarial para- 
site — and only these, on account of their size, need be regarded — 
never have amoeboid movement. 

Leucocytes which have taken up no pigment present no 
similarity to the parasites, because parasites of such a size are 
invariably pigmented, quite apart from the differences mentioned 
above. 

The blood-plates may be mistaken for free spores when they lie 
singly and are perfectly round. When, as they often do, they 
lie together in little heaps they may be taken for spore-forming 
bodies. 

Bespecting the isolated blood-plates, it should be a rule never 
to diagnose a free spore in an unstained preparation. Such a 
diagnosis is in most cases impossible, for the free spores possess 
nothing characteristic. It is only the spores of the quartan fever 
which can be recognised as such on account of their visible 
nucleoli. Indeed, a free spore can just as well be mistaken for a 
round blood-plate as for a large coccus or for a yeast-cell, &c. 

From this it is clear that for diagnostic purposes it is best to 
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take no account of Hucb-like bodies lying free in the liqnor bui- 
guinia. 

In Etained preparations the matter 19 quite different ; in them 
we can differentiate a blood-plate from a spore with certainty (see 
Plate ITI, figB. I, 2 ; Plate IV, fig. 70) ; whilst the former takes 
on a diffuse tinge and shows no structure, the latter, as is well 
known, behaves differently. It might be possible to take a 
blood-plate to be a piece broken off a large parasite ; this would 
occur all the more easily because under very high powera a few 
granules may be seen in a blood-plate. 

The blood-plates in groups are distinguished mostly from 
spore-forming bodies by the fact that they have no pigment, 
whilst, with few exceptions, no spore-formation without pigment 
residue occurs ; and with reference to this exception, namely, the 
spore-formingbodiesof the unpigmented quartan parasites, they are 
differentiated from the blood-plate conglomerations by the simple 
fact that they lie iu red blood-corpnscles ; indeed, this spore-for- 
mation, as has been said, hardly ever occurs in peripheral blood. 

In stained preparations the same marks of difference obtain 
which we have given for the isolated blood-plates. 

Lastly, with reference to the products of coagulation in the 
blood, clots, which however occur less frequently, mast be con- 
sidered. They appear as amorphous uniform bodies ; they are 
always floating freely in the liquor sanguinis, and are not likely 
to be mistaken for parasites. 

Together with these constituents of the blood, one must guard 
against such matters as epithelium, dust,andpariicI&sofrnst, which 
foreign bodies may be present in the preparation notwithstanding 
all caro and cleauliness. 

Unless attention is paid to it, there are very frequently indefin- 
able black particles, which may produce much doubt when pigment 
IS searched for. It is quite certain that the malarial pigment may 
be present in a free state in the liquor sanguinis at the time of 
spor«-funnfttion, before the lencocytes appointed for the purpose 
ban olMred away this ffecal matter of the parables ; and as a 
matter of fact, in preparations which have been made at the time 
of a fever paroxysm, these freely floating lumps of malarial pig- 
ment aie frequently seen. Therefore, for diagnostic purposes, 
too much weight must not be laid upon such appearances, and &om 
tltem alone th» presence of a malarial infection mast not be aasuaad. 

It is maeh more significant when pigment is found in the leooo- 
cj\e»otjrealtprtfmnUi(nu; even if it be only a few grannks, thej 
£om an iaportaat aid to dtagnoeis, especially if there 13 no sas- 
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picion of a relapsing fever^ for in such a condition pigment occurs 
in the blood.^ 

After a patient is cured^ pigment remains for a short time 
visible in the circulating blood. It is, however, soon deposited by 
the leucocytes in the well-known positions. Usually in two or 
three days after the last paroxysm of fever (produced by tertian or 
quartan parasites) no more melanif erous leucocytes are present in 
the blood, but after fevers produced by the crescents it is different, 
for in such cases pigment-bearing leucocytes are met with in the 
blood as long as the crescents themselves. 

Finally, the possibility must be considered of a poisoning 
with bisulphide of carbon or sulphurated carbonic oxide, which 
can rapidly produce pigment in the blood, as has been shown by 
C. Schwalbe (loc. cit.). I have repeatedly made experiments 
on mice, by subcutaneously injecting them with a few drops of 
bisulphide of carbon, and can fully confirm Schwalbe's statements. 
In such cases the history of the illness will clear up any doubts. 
But the alterations in the blood of animals so poisoned show a 
completely different picture from that given by the malarial para- 
sites. I do not consider it necessary to give details, because, so 
far as I know, the alterations of the blood in question have not 
yet been observed in man. 

In the blood of rabbits which have been poisoned with dinitro- 
benzol Huber observed an enormous formation of vacuoles in the 
red blood-corpuscles ; the picture given in his work will serve as 
an interesting object of comparison with the immature malarial 
parasites. 

Being now in a position to accurately recognise the malarial 
parasites, the question comes to be-7-what use can we obtain 
from this knowledge ? 

The answer is that the presence of even one single malarial 
parasite in the hlood settles the diagnosis of a malarial infection. 

I will not go in detail into those assertions which were made a 
few years ago, according to which, in the most different infectious 
diseases and cachexias, '' similar bodies '' in the blood had been 
found, through which the pathognomic and sBtiologic importance 
of Laveran's malarial parasites was to be depreciated, for most 
authors on the subject have gradually admitted that they erro- 
neously took things — they were almost always the '' vacuoles *' of 
the blood-corpuscles — for parasites which were not so. By means 

^ Recently the statement has been made that pigment is found in the 
blood in Addison's disease. I have not been able to confirm this in two cases 
which I have investigated with regard to it. 
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of the numerous investigations of blood which are at the present 
time pursued for diagnostic purposes^ one has daily opportunity 
of convincing oneself that the malarial parasites exist exclnsiyely 
in the blood of malarial patients. 

From the microscopical appearances of the blood one can not 
only diagnose the presence in general of a malarial infection, but 
it is also possible to decide the species of the fever, the type, and 
often even the approximate severity of the attack. Bat, indeed, 
this accurate estimation of the results of the investigation of 
the blood can only be fully appreciated by those who have had 
considerable experience, and who are thoroughly acquainted with 
all the forms of the parasite. 

It was Golgi who, after he had learnt to differentiate one 
parasite from the other, employed this knowledge to accuratelj 
settle the diagnosis with reference to type of fever, time of the 
attack, severity of the same, &c. Since that time his communi- 
cations have always found increasing confirmation, to whicli I can 
add still further, because I have been able in many cases to 
clearly analyse the microscopical results according to Golgi's 
statements. The few contradictions which he has met with 
proceeded only from those investigators who, having liad very 
little material to go upon, were not able to give an adequate 
opinion on the matter. 

It is natural at the present time, after the gradual increase 
of and considerable advance in our knowledge, recently obtained 
thr^^usrb the work of Marohiafava and Bisnami, that we should 
take intv^ consideration the resulis obtained now, toeether with 
Golvri's original starecienis. 

I r3^<> over a derailed exi>r>es<s::n cf opinion concemine the 
d airr»v>sis of ivi^e. fv-r wer^ I ;o do s-:» i: wocld necessitate mv 
rer^eatinc whs: has alreadv c^^n rercrred a: leneth in regard to 
the sivcial char^aoteristic^ of rhe si>ec:es ci ixarasiies. and this I 
Wv^ulvi rather avoid. Anvcne msv rhtAin. fr?in the description 
civen :n t rev-.ous sections, the necess^Lrv iriormaiicn with regard 
to the dii^n.«sis .^f the stvciers, 

1 w:ll ozilv refer :n few w:ris to ih:«s«r rcinis lo which anen- 

« m. 

^:^c:i IS oiienT nev>?S5sairT. 

When a rv«sitive ress::.!! h^ V*c*rn orca'^ei. one seeks in the 

£r^ r:l*s>? to i.ec:ie whether ihe sr*5»^"oes :i rajasie fc?crd belongs 

. . * • ■• • . 

s*?vvc>i cr^vCr which i«>r^ > :•? wh^ih^r, ::z:irir^i- bich 2t:'wI>s ar^ 
rce«s»e5i4 in *i? cCowi Th-e rxr»rc!)fc:v^i .ctierrfr cec^iSes that in 
a siort usae. u lar^^ rc.£:z*f!rs«*c ^xoiccrrgacn'a.r ijr=5 are in 
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the majority^ they must be relegated to the first group ; on the 
other hand^ numerous small and slightly pigmented or non- 
pigmented parasites indicate the second group; if^ however^ 
crescents or spherical bodies of the crescent series are present^ 
then it is at once decided that the second group is represented. 
These spherical bodies can be at once^ even after very little 
experience^ differentiated from the spherical bodies of the tertian 
and quartan parasites by the sharp^ often double^ contour^ by the 
peculiar residue of the blood-corpuscles^ by the frequent wreath- 
like arrangement of the pigment^ and by the peripherally placed 
" buds." 

Both the species of the first group can be differentiated by 
the activity of the amoeboid movement^ the shape and colour of 
the infested blood-corpuscles^ and^ in case such are present^ by the 
shape of the spore-forming bodies^ and the size^ number^ and 
structure of the spores. When^ then^ the species present in the 
individual case is recognised^ one next seeks to ascertain whether 
one or more generations are present. This is the most difficult 
point for the beginner to decide^ because he may be easily led 
astray by the sterile large forms which have lived through the 
attack^ and then by the slight difference in size between the units 
of the same generation ; so that he finally believes that he sees 
all stages present — therefore innumerable generations in the bloody 
whereas in reality probably only two, or indeed only one is 
present. 

The idea must be held fast that we have here to do with living 
organisms which are not to be calculated in all their phases with 
mathematical accuracy, but which show variations within well- 
marked limits ; a conclusion must be drawn from the average 
appearances, and exceptional extremes must not lead to a false 
conclusion. 

To the determination of the number of generations follows the 
approximate estimate of the degree of development of the majority 
of the parasites present, for if this is known it is not difficult to 
estimate the time for the formation of spores, and therefore that 
of the paroxysm. The degree of development is fixed by the 
size^ the amount of movement, and the pigmentation. The seve- 
rity of the attack is, according to Grolgi, proportionate to the 
number of parasites present.^ 

One proceeds in like manner in dealing with the parasites of 

^ In general I can confirm this view of Gk>lgi'8, but I must admit that 
individual idiosyncrasy and possibly also the viralence of the parasite may 
considerably influence the severity of an attack. 
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the secoDd group. As may be imagined, it is more diffionlt to 
come to a conclnsion iu the mixed infections as they are mora 
complicated, but in most cases the difficulties to be overcome are 
not insuperable. 

We now turn to the negative microscopical appearances. It 
haa happened to me, as well as to other observers (especially to 
Baccelli, who has occupied himBelf with this side of the questioo), 
that I have not been able to find any parasites, in spite oi 
repeated diligent search, in the blood of patients who, according 
to all the symptoms, the progress of the disease, and the action oi 
quinine, suffered from malaria. These cases were indeed very rare 
— in all three in some 130 cases — where positive resalts were 
obtained. 

That negative results in general are of little importance has 
been repeatedly proved in other instances. With reference to the 
malarial parasite, it is still to be mentioned that in perfectly freth 
infections — that is to say, during the first days of the illness — the 
2>araaite is sometimes missed. This occurs also in those cases in 
which experimental illness has been induced by the injection of 
malarial blood. 

The cause of this is either that during the first days the para- 
sites are only present in small numbers, and in consequence are 
difficult to find, or that they do not get into the circulating blood 
immediately. 

In order to clear up the matter with certainty, when the first 
examination is negative, it ia advisable to wait until one or more 
paroxysms have occurred, and thereafter to repeat the examina- 
tion of the blood at a specially favorable time (before the parox- 
ysm) ; in such cases also puncture of the spleen might be justifi- 
able. 

Further, it must be mentioned here that in malarial districts, 
where the disease plays a chief rfile in medical practice, one is very 
much inclined to attribute to malaria the most varying patholo- 
gical conditions, the nature of which is not otherwise to be ex- 
plained. I do not doubt the extraordinarily grave appearances of 
the malarial symptoms, for I have had opportunity enough to con- 
firm them, but that it is too much to expect that in cases of gastritis, 
or gall-stone, or sepsis the malarial parasite should be demon- 
strated, every one will allow j that just such cases in some of their 
forms resemble malaria very much, renders it comprehensible that 
often a false diagnosis is made. If, indeed, quinine does its duty, 
then the correctness of the diagnosis cannot be doubted for a 
second, and the negative parasite statistics are increased by one 
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case more. How cautious oue must be here^ and with what care 
one must compare the symptoms with the microscopical results 
obtained from the bloody does not require further elucidation. 

By the examination of the blood becoming general in malarious 
regions^ the diagnosis of malaria will gain an immense advantage ; 
the physician will be enabled to base an indisputable diagnosis 
upon positive irrefragable facts^ and thereupon to base his thera- 
peutical measures. The hesitation for days or weeks as to 
whether a case is typhus^ or malaria^ or sepsis^ will now occar 
much less frequently than has been the case up to the present. 

But it is not only for physicians in malarious regions that the 
knowledge of the malarial parasite is of great use ; it is also 
nearly as important for all physicians^ for there are a whole row 
of diseases which at times present the appearance of a typical inter- 
mittent fever^ also a form of malaria which is sporadic^ and which 
may occur at any time and everywhere. I will not go into par- 
ticulars^ but only call to mind how frequently obscure sepsis may 
for days or even weeks produce a perfectly typical fever^ which 
can either be quotidian or tertian in type; the same occurs in 
miliary tuberculosis. Also in commencing typhus abdominalis^ in 
pneumonia^ in abdominal tumours^ in gall-stone^ and in sarcomata^ 
typical fevers occur all too frequently. 

In all these cases the exclusion of malaria by an investigation 
of the blood is a pressing necessity. From these short remarks 
it is sufficiently illustrated how rapidly the comparatively recent 
discovery of Laveran has won for itself a prominent and definite 
place in the diagnosis of internal disease. 
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cases^ non-infested blood-corpusclea which were damaged^ becaoge 
numerous points in them were stained with methylene blue (see 
Plate rV, fig. 68). This method of degeneration of the red blood- 
corpuscle was^ as is well known^ described by Ehrlich. It is pos- 
sible that this damage to the non-infested blood-corpnscles is doe 
to the parasitic poison which is dissolved in the liquor sanguinis. 

So we see that the red blood-corpuscle in malarial patients may 
be attacked in two ways^ but their destruction is far more due to 
direct invasion by the parasites than to the dissolved poison. 

In malarial patients the anasmia may reach a very considerable 
degree ; in this connection we have to thank the French inves- 
tigator Kelsch [66] for very thorough investigations. He has, 
indeed^ taken a very successful part in the study of malaria in 
various directions. 

Kelsch saw a diminution of the red blood-corpuscles as low as 
500^000 per cubic millimetre. This diminution occurs according 
to him irregularly, and is greater at the commencement of the 
illness^ therefore during the first attack^ than during the later 
attacks. Kelsch saw in one patient the number of blood-cor- 
puscles diminished by 2^000^000 in the course of four days.^ 

Dionisi [122] has recently likewise determined the number o( 
blood-corpuscles in malarial patients^ and he was able to prove 
that after single pernicious attacks a diminution of from 500^000 
to 1,000,000 occurred. 

Hayem and Halla [123] found a diminution in the number of 
blood-corpuscles of 1,182,760, or 2,800,000. In some of the 
malarial patients observed by \ne I have undertaken the estima- 
tion of the hsemoglobin and the enumeration of the blood-cor- 
puscles, and was able to determine in each case a considerable 
diminution in both figures from the normal and in the following 
manner — that the poverty of the blood in blood-corpuscles, as in 
haemoglobin, was parallel, and showed a picture of simple anaemia. 
I take the opportunity of stating the following figures in this con- 
nection. 

In the case of a man, M — , suffering from pernicious tertian 
fever, I ascertained on the fourth day of the illness the amount of 
haemoglobin to be 60 per cent., the number of blood-corpuscles 
3^131^250; on the seventh day of his illness, haemoglobin 45 per 
cent., number of blood-corpuscles 2,112,500. 

Between these two days one attack occurred, and the patient 

^ It may be said once and for all that the number of blood-corpuscles 
always refers to the number per the cubic millimetre, the hsBmoglobin per- 
centage to results obtained from von Fleiscbrs bsemometer. 
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lost in consequence 15 per cent, of haamoglobin and about 
1,000,000 blood-corpuscles. 

In a second patient, F — , I ascertained on the fourth day of the 
illness (patient had an attack every day of true quotidian fever 
caused by unpigmented parasites), haemoglobin 100 per cent., 
number of blood-corpuscles 4,978,000 ; two days later (during 
which time two attacks occurred), haemoglobin 85 per cent., 
number of blood -corpuscles 4,012,000 ; after farther two days (no 
other attack having occurred), haemoglobin 60 per cent., number 
of blood-corpuscles 3,310,000. 

It was remarkable that in this patient, although he had suffered 
from three attacks, the condition of the blood proved to be normal 
at first, and that later, without again suffering from an attack, a 
further diminution of the already reduced blood-composition 
occurred. The first result obtained is probably explained by the 
small number of parasites found ; for an explanation of the last 
result I fall back upon the supposition previously given, that the 
blood- corpuscles may be damaged by the dissolved poison of the 
parasites, as a possible cause. 

Kelsch and Kiener [98, p. 543] report that after the fever parox- 
ysms have ceased, the number of the red blood-corpuscles rises 
more rapidly than the amount of haemoglobin, and that at the time 
of convalescence the blood presents a chlorotic appearance. This 
I have not been able to observe exactly, for I found that for several 
days after the last pa/roxysm of fever the proportion of hsenioglobin 
still fell, whilst the number of the red blood-corpuscles began to in* 
crease. 

For instance, in the case of a man^ P — , who had suffered for 
some long time from quotidian fever (with quotidian parasites 
without pigment), haemoglobin 65 per cent., number of blood-cor- 
puscles 2,544,000 ; three days thereafter, during which the patient 
was free from fever, haemoglobin 45 per cent., number of blood- 
corpuscles 3,711,000. Therefore the haemoglobin contained fell 
about 20 per cent., whilst the number of blood-corpuscles rose 
about 1,200,000. 

In the case of M — , who had suffered for three weeks from 
irregular fever (unpigmented quotidian form)^ haemoglobin 65 
per cent., number of blood-corpuscles 2,717,000 ; five days after, 
the patient having been free from fever, haemoglobin 55 per cent., 
number of blood-corpuscles 3,191,000. The loss of hcemoglobin 
was therefore 10 per cent., whereas the gain of blood-corpuscles 
amounted to nearly 500,000. 

In the case of S— -, who suffered for three weeks from typical 
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tertian (Golgi's form), I found hEemoglobiii 55 per cent., number 
of blood-corpuscles 2,476,000 ; three days after, during which 
there was no fever (the temperature rose once to 3S'2'^ C. 
[100-7° '^■])> hremoglobin 40 per cent., number o£ blood-corpus- 
cles 2,650,000. Therefore a loss of 15 per cent, of hsemoglobin, 
whilst the red blood- corpuscles slightly increased — about 200,000. 

It cannot be said with certainty how this paradoxical con- 
dition arises; one thing is certain, that after the attacks cease 
new blood-corpuscles are rapidly formed. (Kelsch and Kiener, 
like Marchiafava and Celli, have sometimes proved the presence of 
nucleated red blood-corpuscles,) The loss of haemoglobin is, as w& 
have seen, not only not balanced, but goes on increasing for a time. 

Nevertheless, I cannot consider the condition mentioned to be 
a constant rule, for in other cases tlie reproduction of the biBmo- 
globin has kept pace with the increase in the number of blood- 
oorpuBcles. For example, the blood of a man G — , after a three 
weeks' fever {mixed infection of tertian and unpigmeuted 
quotidian), showed liiemoglobin 42 per cent., number of blood- 
corpuscles 2,217,000 ; eleven days later, during which time tie 
temperature had only once reached 38"4° C. (ioi'i° F.}, haemo- 
globin 65 per cent., number of blood-corpuscles 3,087,000 ; so 
that the haemoglobin showed a gain of 23 per cent, and the red 
blood -corpuscles a gain of about 900,000. 

The third principal symptom of malaria, the fever or the 
paroxysm of fever, with its typical or atypical formation, cannot 
be explained in such a satisfactory manner with our present 
knowledge of the malarial parasite, as is the case with the 
melantemia and auEeniia. Our ideas arej however, led in a very 
definite direction owing to the facts already lying before us, and 
it may be with great probability expected that after the elucida- 
tion of several moot points this direction will prove to be the 
right one. 

Amongst the facts pointing in this direction, the very Erst is 
that found by Golgi in the correspondence between spore- 
formation and the attack of fever in the quartan and tertian 
fevers, which like correspondence Marchiafava and Celli also 
confirm for the true quotidian parasites. 

It was, indeed, not too bold a step, and a not altogether 
unjustifiable application of the saying — elsewhere in physicftl 
science not well accredited — "post hoc ergo propter hoc," to 
bring the fever paroxysms into causal relation with the spore- 
forming mass of parasites. 

Golgi states the matter thus, that, in consequence of the 
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bursting of the sporing bodies^ an immense number of spores^ and 
most probably also other substances which are formed in the 
parasites and are poisonous to man, get into the blood, and that 
these injurious bodies together cause the paroxysm. 

This conception is supported by the numerous confirmations 
respecting the frequent correspondence of the spore-formation 
with the fever paroxysm. There are^ however^ some facts on 
the other side which are not yet cleared up ; these are the 
occurrence of paroxysms without spore-formation, indeed even 
without parasites being found in the blood at all on the first days 
of fever. 

It is upon the last circumstance that Baccelli [124] lays especial 
weight, and to illustrate it he recently reported a case of Status 
pemieiosiM with ksemoglobinuria in which no paraaitea were found , 
the malarial nature of which was proved by the success of its 
treatment with quinine. There is, however, in the history of the 
illness a contradiction, for on the 22nd of November, after many 
investigations^ a few pigmented leucocytes and amoeboid parasites 
were fotmd. So that this case cannot be considered as perfectly 
conclusive, even if one has to allow that the severity of the 
illness stands in striking disproportion to the small number of 
parasites noted on one day.^ 

In face of such cases, in which for the time being no para- 
sites were found, we must be particularly careful in regard to 
the diagnosis of malaria ; we must keep in mind that against a 
very important number of positive results there are only an 
exceedingly small number of negative results, and that the latter 
would certainly be still further decreased if blood from the 
internal organs, where the parasites are most numerous and 
which contains the most developed forms, had been investigated. 
Further, it is not at present fully known what consequences may 
follow the invasion by the parasites, after they themselves have 
again disappeared. True, we know several of these results — the 
malarial cachexia with the ague cake, the chlorosis or sometimes 
even pernicious anssmia in consequence of the condition of the 
blood, the post-malarial delirium, the post-malarial hsdmoglobin- 
uria, &c., but it is not yet certain that these are the only conse- 
quences of the previous parasitic invasion, and that there are not 
other conditions possessing a more acute character which possibly 
might be added to them. The Italian investigators, as well as 

> E. Grawitz [135] observed a case of malaria biliosa hsBinoglobinurica, 
also without parasites in the blood ; but it appears questionable whether it 
not in this patient only an illness following a previous infection. 
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Sakharoff, say that there is a Febris secondana post vialariam, 
a fever which laats for some days or even weeks after the 
parasites have ceased to be found, and which does not react to 
qoinine. If I have not b«en able to observe this secondary 
fever, which indeed appears rarely to occnr, I can at any rate 
point to another fact, previouely mentionedj which follows the 
parasitic infection, namely, the decrease in the amount of haemo- 
globin after the paroxysms of fever cease, as a condition which. 
may be with certainty considered as the resnlt of the action oF 
the parasites which have disappeared. I mentioned, whei*. 
describing the condition, that it was probably caused by the 
action in the blood of a poison produced by the parasites which 
had not been perfectly eliminated. 

As we have seen, Golgi believes that a poison may be present 
in the spore-forming bodies, causing the paroxysm. In the pre- 
sent state of onr knowledge of bacteriology such a view can 
hardly be denied, and all the leas so because several facts are 
known which point to the paroxysms of malaria being accom- 
panied or followed by the elimination of poisonous sobstances. 

Koque and Lemoine ['26] report that the urine voided after 
the fever acts as a poison to rabbits, whilst that passed before or 
during the fever has a markedly less poisonous action. 

Further, Queirolo [127] has been able to kill rabbits by inject- 
ing them with the sweat of malarial patients. 

These points respecting the production of a poison by the 
malarial parasites are indeed very meagre, but they show at 
any rate that the suggestion of a poisonous substance produced 
by the parasites is not altog-ether groundless. This poison in its 
action resembles the poison which is produced by septic parasites, 
chiefly, it appears, the Streptococci. 

As a matter of fact, the clinical pictures of malaria and sepsis 
resemble one another, which appears to justify the idea that 
there is a near relationship between the agent causing the illness 
in both diseases. 

Not only do rigors with fever, followed by sweating, form the 
chief clinical symptoms of both diseases, but we find in both 
resemblances between the accompanying symptoms ; those occur- 
ring in the stomach and the intestines, as vomiting, diarrhoea, 
gastro-duodenal catarrh with consecutive jaundice, are just as 
much symptoms of sepsis as of malaria ; dyspncea also accom- 
panies the malarial paroxysms, as those of sepsis ; even ecohymosiB 
kof the skin has been repeatedly observed in malarial fevers, giving 1 
them an exceedingly similar appearance to that caused by sepsiB. I 
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These analogies between tlie two diseases cannot surprise us 
now^a-dajs^ for in both conditions analogous processes occur in 
the organism^ in that sepsis is produced by an infection of the 
mass of the blood with bacteria and their poisonous products^ and 
malaria hj an infection of the blood with protozoa and their 
products. 

We can in the meantime regard malaria ae a protozoa sepsis, 
and compare it uoith the ordinary bacteria sepsis. 

Just as we refer the septic fever paroxysms (rigors^ vomitings 
fever^ dyspnoea) to an irritation of the medullary centres^ the 
septic jaundice and the diarrhoeas to an irritation of the mucous 
membrane caused by the septic bacterial poison^ so we must seek 
to explain the analogous appearances in malaria by the action of 
the protozoa poison upon the same central organs and mucous 
membranes. In this way the old theory concerning the nervous 
origin of the malarial paroxysm again presses to a certain extent 
to the fronts although not in the sense understood by Trousseau 
[97] > ^^^ described malaria as a direct neurosis, but rather in 
the sense of Griesinger [128]^ who in 1864^ with wonderfal 
acuteness, expressed himself as follows : '' The cause of the 
periodicity of fever is therefore not found chiefly in a disposi- 
tion of the nervous apparatus to rhythmical vital actions^ as one 
formerly frequently tried to do^ but it must^ at least according to 
the present^ although faulty^ standpoint of our knowledge con- 
cerning the causes of heat, be attributed to something periodically 
taking place in the bloody which is connected with the increased 
formation of heat.'' 

The '^future'' has abundantly justified Griesinger, for this 
periodic '^ something " taking place in the blood at the time of 
the paroxysm has^ as we have seen, been proved to be the spore- 
formation of the malarial parasites occvrring at more or less regular 
intervals of time. 

How simply the fever tjrpe is explained by the period of evo- 
lution of the species of parasite present has been repeatedly 
mentioned. Also the change of type, for which formerly no 
reason at all could be found, is now fully explained by the addi- 
tion or the death of one or more generations of parasites. But 
it must be mentioned that we have not sufficient knowledge 
concerning the reason for this change in the number of generations. 
It IB frequently seen that a simple tertian may become a double 
tertian by doubling the generations, but why and how this doubling 
has taken place we do not know ; still less can we explain why 
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* 
the generations are so frequently found at exactly twenty-four 

hours' intervals from one another. 

In old authors we find it stated^ and by Griesinger also^ that 
by gradually postponing the attacks a tertian fever may change 
into the type of a quartan fever. It is to be seen whether such 
a case will be observed now that temperatures are taken so 
generally. 

The postponing paroxysms can be easily explained by a slower 
development of the parasite ; also the falling out of individual 
generations with consequent change of the type of fever— for 
instance the change of a double quartan into a simple quartan — 
does not cause any difficulty to our comprehension. The sponta- 
neons cure of malaria is of frequent occurrence^ and it is compre- 
hensible that single generations from some canse^ either in them- 
selves or in the organism^ may be isolated and die out. 

This species of change of type^ as well as the postponing 
paroxysms and also the obliteration of the cycle^ may be experi- 
mentally produced by means of a corresponding administration 
of quinine. 

Long known pathologico-historical causes are responsible for 
the enlargement of the spleen, which in malaria is very seldom 
absent. The recognition of the malarial parasite has caused 
fresh investigations in this direction, as those by Guamieri and A. 
Bignami, whose results will be referred to subsequently when the 
phagocytes are considered. 

HsBmoglobinuria is another symptom of malarial infection which 
frequently occurs. 

Kelsch and Kiener [98, p. 383] have proved that in every severe 
case of malaria, even in every malarial cachexia, hsemoglobinuria 
may be observed, and they believe on these grounds that hsBmo- 
globin is probably dissolved in the liquor sanguinis of every 
malarial patient. This opinion gains much in probability when 
we consider that all the hsemoglobin substance of the infested 
blood- corpuscles is not consumed by the parasites, but that 
usually more or less coloured debris of the blood- corpuscles is 
left behind (see also the process of excapsulation, PI. II, figs. 55 
and 56) ; it may be assumed that the haemoglobin in this residue 
is dissolved, and if so, all that is necessary for the production of 
the haemoglobin uria is present.^ 

Bastianelli and Bignami always found in several cases of fever 
with severe haemoglobinuria the small forms of the crescent- 

^ Possibly lesions of the renal epithelium also deserve consideration, as 
recently again pointed out by Bignami. 
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fonxLing parasites in the blood, and they state tliat the infested 
blood-corpnscles were colourless, therefore had given up their 
haamoglobin. They have also observed cases in which the 
relapses, as well as the corresponding primary fever, were 
accompanied with haemoglobinuria, from which they justifiably 
draw the conclusion that a certain individual tendency of the 
blood-corpuscles (which manifests itself in the easy surrender of 
the hsBmoglobin under the influence of the parasites) is a con- 
curring cause of haamoglobinuria. 

It may be admitted that these were specially severe cases, but 
it must not be forgotten that, as already mentioned above, 
Kelsch and Kiener have demonstrated the very frequent occurrence 
of heemoglobinuria in malaria. 

Another equally frequent symptom of the malarial infection 
consists of severe pains in the extremities, especially the legs ; 
these are bone pains which may be increased by tapping the 
bones. These pains remind one of those in leucocythaemia, and 
when we take into consideration the excessive call which is made 
on the blood-forming marrow during the malarial infection, and 
think how very fluid, excessively hyperssmic, and filled with large 
melaniferous cells the marrow is found to be in malarial corpses, 
we shall clearly understand why the bones have been so tender 
during the illness. 

In severe malarial infections the cerebral symptoms play an 
important role. Delirium, convulsions, paralysis, and coma may 
manifest themselves. 

Heschl, Planer, Frerichs and others have for a long time ex* 
plained these symptoms as due to thrombjas caused by pigment 
cells and also to white thrombus ; Kelsch and Kiener added to this 
the presence of endothelial swellings in the small cerebral vessels, 
with consequent diminution in their lumen. 

But, as Frerichs has pointed out, all cases of malarial coma 
cannot be explained by the blocking of the cerebral vessels with 
pigment, because the autopsies in many cases of coma show no 
pigpnent or but very little. 

On this point Marchiafava and Celli's results give some light ; 
they find that blood-corpuscles infested with small amoeboid 
parasites may impede the circulation, because they attach them- 
selves to the walls of the vessels, especially in the cerebral vessels 
(see PI. IV, fig. 66). 

Bastianelli and Bignami's investigations are also worthy of 
mention with regard to the capillary haemorrhages from the throm- 
bosis of the smallest arteries of the white substance of the brain. 
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which are frequently found after malariid coma. The eztravanted 
blood-corpnscles showed themselveB to be non-in&sted, whilst tlie 
walls of the vessels were Uned by infested blood-corpnades. Thk 
obserration teaches that tiie infested blood-corpuclesj piohaUj 
on accoont of a certain adhesiveness, attach themselves to die 
walls of the vessels and so impede the circnlation* 

It may be that besides this anatomical distnrbttnoe in the 
region of the cerebral vessels, the poisonous products of decom- 
position of the malarial parasites aid in the production of the 
cerebral symptoms. 

In like manner the hxtMyrrhagea UUo the retina mmj be 
explained; such luemorrhages are not infrequent in pemiGioiu 
fevers, but the numerous hmmorrhagea of the ehin, whidi are 
less often seen, are more probably caused by the action of 
poison. 

In the cases of malaria accompanied by choleraic diarrheea^ 
Bignami found a high degree of hypersamia of the atamach and 
intestinal mucous membrane, with punctiform hasmorrhages ; 
microscopically there were found enormous accumulations of 
blood-corpuscles containing parasites within the blood-vessels, 
and extensive superficial necrosis of the mucous memfaraiie and 
small-celled infiltration. 

For several rare complications of malaria, such as algid 
malaria, cardiac maiaria, maaked neuralgic malaria, there are not 
up to the present sufficient results obtained, so that we cannot 
enter into any discussion with regard to them. 

Besides those points of view just mentioned^ there are still 
some general ones to be considered which relate to the severity 
of the infection, the individual tendency, and the toxicity of the 
virus. 

Golgi established it as a rule that the severity of the attacks 
was parallel with the abundance of the parasites. 

One has now^ indeed^ frequent opportunities of confirming this 
rule, as one usually sees very numerous parasites followed by 
severer attacks than is the case when the parasites are few. 

This rule of Golgi^s holds good in many, perhaps in most, 
cases, but one also finds not a few in which it does not obtain, 
especially in those cases where the most violent attacks are 
frequently seen with relatively few parasites. The contrary of 
this is much more rarely the case. 

Bearing in mind the pathogenic nature of the parasites, we 
must^ in such paradoxical cases^ consider especially the heightened 
individual tendency; this might consist in a heightened irrita- 
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bilitj of tlie nervoas system or in a chemical constitution of the 
bloody which would offer to the parasites a soil adapted to the 
production of particularly poisonous substances. Further^ a dif- 
ference in the strength of the toxicity of the parasites must not 
be forgotten. 

That these factors in the infection of malaria certainly have an 
influence one sees most plainly in the diversity of the course of 
the disease under apparently similar circumstances. 

It happens^ for example^ not infrequently that with many 
patients who are infected by the small quotidian parasite spon- 
taneous cure sets in^ the parasites becoming always fewer and at 
last quite disappearing^ while other patients infected with the 
same quality and quantity pass through a severe illness^ due 
to rapid increase of the parasites^ and eventually^ in spite of 
energetic therapeutic measures, succumb. 

That the individual tendency plays a very important rdle in 
malaria we learn from the reports of doctors who practise in 
tropical regions^ and have there the opportunity of comparing 
the morbidity and mortality of the natives with that of immigrant 
Europeans. Martin [130], who practised for seven years at Deli, 
in Sumatra, says that Europeans were attacked by the severest 
forms of fever, while the Malays, natives of Java, and especially 
the Tamils (of the Coromandel coast), suffered much more seldom 
than the Europeans, and then chiefly from the mild forms like 
quartan and tertian. 

Schellong [131], in Finschhafen (Kaiser Wilhelmsland), reports 
similar observations ; if he denies that the native population have 
almost an immunity from malaria, he nevertheless admits that 
they show a smaller tendency to it than the Europeans. 

One must, however, take into consideration the exact condi- 
tions under which these observations were taken, and remember 
that in those countries the Europeans are hygienically much 
better off than the native population as regards nourishment, 
dwellings, clothing, and occupation ; that the number of those 
who suffer among them would be much greater than is now the 
case if they did not enjoy these advantages, each one of which 
may be regarded as a partial protection against malaria. 

It is thus seen that the personal tendency, as well as the 
number of the parasites (of the same kind understood), influences 
the severity of the disease in large measure. 

We possess no direct proofs of the difference in the strength 
of the poison of the parasites, but it may be conjectured from 
the fact that persons who suffer from the same forms of fever at 
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different times develop sometiineB mildeir and at other times 
severer BTmptoiiis. One migbt, of conrsej suppose a temporarily 
he^htened or deoreased predisposition in these oases ; bat this 
qnmrtion of tozioity can only be settled with certainty Isf experi- 
mental methodsj indeed by means of ooltivations at which we 
have not yet arrivedj or by obtaining the hypothetical poison 
from the nrine, sweaty Ac. 



CHAPTiBR IX. 

SPONTANEOUS CUBE OP MALARIAL PBVBB — PHAGOCYTOSIS — 
INFLUENCE OP QUININE UPON THE MALARIAL PARASITES. 

That many cases of malaria^ mild cases of ague, as well as 
severe illnesses resulting from the small forms of parasites, may be 
cared spontaneously, especially when the patients are brought 
under favourable hygienic circumstances, has been known for a 
'long time. We not seldom see that the illness spontaneously 
disappears soon after the arrival of the patient in hospital without 
quinine or any other means being administered. It is clear from 
this how carefully one must estimate the therapeutic effect of a 
new remedy in regard to malaria, and that certain conclusions 
can only be arrived at after considerable experience. 

The reason for the spontaneous cure during hospital treatment 
(or also by treatment at home) must be ascribed first of all to 
rest in bed, better nourishment, and general bodily restoration, 
which factors strengthen the organism in its struggle against the 
enemy that has broken in. 

Secondly, the protection against fresh infection must be 
considered as an important factor, although in regard to this one 
must remember that malaria has generally a period of incubation 
of from eight to fourteen days, so that the possible fresh daily 
infection cannot take effect at once. 

In spontaneous cure the number of parasites diminishes 
rapidly, and after a few days at the most only a few will be 
found, if any. For example — 

J. L — , 8Bt. 19, is said to have had an attack daily for fourteen 
days ; never had fever before. He is a strong lad, rather pale, 
skin slightly jaundiced, spleen easily palpable. He has pain in 
the spleen and weakness in the limbs. 

October 6th, 1892, 10 a.m. — Temperature 36*5® 0. (977° P.)* 
Microscopical appearances : i . Large pigmented parasites 
which are nearly as large as blood-corpuscles ; the pigment 
actively swarming. 2. Bather numerous, also deeply pigmented 
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, n^dt luttf fill the blood-corpuficlea. Tlie infested 
B ftre many of them distended and decoloriaed. 

Ytm m tten the picture of a double tertian, and it agrees wiA , 
libk^idMi's statement. 

J pjM.— Temperatare 37" C. (98-6° F.). 

C pJM.— Temperature ^js" {ggs° F.). The expected attack 
4tt Mk ooODT ; no sweating during the night. 

|tt^ 10 a.m. — ^Temperature 36*2'* 0. (97*1° F.). 

]liQro«c<^oal appeaianoes : The same aa yesterday aftanuom 
^Hk ia addition many pigment-oarrying leaoooytea. 

4 pjau— Temperatore 37-5° C. (99-$° F.). 

ICnoaoopieal appearanoee : Very few laige paraaiteB. 

6 p*m. — ^Temperature 38° C. (100*4** F.). 

8th. 10 a.m.— Temperature se-a" C. {97-3'* F.). 

Miorosoopioal appeatanoea : After a long aeareh a large free 
waiaitte wi^ aotire pigment moranrat waa found. 

Patient remained free from farther attaoke of fierar. Kotimg 
■DM waa f oond in his blood. 

P— , »t. 47, atatea that he haa aaSered daily for fo>r dnifi 
Itom a aerere typical attaok of fever. 

Baptember atst, 3.30 p.m.— Temperature 40*3° C. (104*6° P.). 
Pnlae 120. Tenaioa below normal. Slight janndioe. Splaai 
•ztenda to three finger-breadtfas below the riba. 

Hioroaeopioal ai^>earanoea : A few nnpigmented amflobcM 
parasitea. 

22nd. — Daring the night patient perspired prufasely. 

9 a.m. — Temperature 35'8° C. (964° F.)- 

Microscopical appearances : Several small quiescent parasites 
of ring shape ; no pigment. 

4.30 p.m. — Rigors. Temperature 39° C. (ioi'2° F.). 

5.30 p.m. — Temperature 40° C. (104" F.), The rigors continoe. 

8 p.m. — Temperature 40-2 C. (i04'3'' F.). 

23rd, 9 a.m, — Temperature 367° C. (98° F.}. Patient very 
weak ; the spleen has enlarged since yesterday. 

Microscopical appearances : Very few small quiescent parasites 
of ring shape. 

6 p.m. — Free from fever. 

24th.— Free from fever. 

Microscopical appearances : Two pigment>carryiDg leococytes. 
Ko parasites. 

28th. — Patient haa remained free from fever since last note. 

Microscopical appearances : Creacenta. 
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In this case there were small unpigmented qaotidian parasites 
present^ which as a rnle^ unless energetically treated^ may easily 
originate a pemicioas fever, whereas they spontaneonsly disap- 
peared in this case withoat any treatment, and at the same time 
the attacks of fever ceased. 

Respecting the means possessed by the organism to combat 
the malarial parasites, we are taught by Metschnikoff [32] that the 
macrophages of the spleen and the marrow of bones develop an 
energetic destructive action against the parasites. As a fact 
A. Bignami [50] also found in the spleen and in the marrow 
large single nucleated cells in which numerous parasites, and 
among them frequently spore-forming bodies and even whole 
infested blood-corpuscles, were enclosed. In the cerebral vessels 
the endothelium also develops some, though considerably less, 
phagocytic action. 

Together with the macrophages possessing well-stained nuclei, 
Bignami also frequently found others with a non-stained nucleus 
which are to be considered as necrotic phagocytes. These 
necrotic macrophages with spore-forming bodies inside them 
originated Bignami's opinion, previously mentioned, that the 
relapses were caused by spores which had escaped from the dis- 
integrated cells. The frequency of the presence of phagocytes in 
the organs just mentioned lends to MetschnikofF's theory regarding 
malaria considerable support, especially the fact of whole groups 
of spores being consumed, and it can hardly be doubted, there- 
fore, that the phagocytes play a considerable rdle in the sponta- 
neous cure of malaria. It is desirable that it might be proved by 
puncture of the spleen that the phagocytic action by the macro- 
phages does not only occur post mortem, as we see it in the leuco- 
cytes of the blood under the microscope. 

Less weight is to be laid upon the frequent observation of phago- 
cytosis by means of the leucocytes in the blood. 

In preparations which are examined for half an hour to an 
hour under the microscope it is often seen how a moving leucocyte 
may gradually enclose in its substance a free parasite, even one 
which is flagellated ; the movement of the pigment in the parasite 
continues for a time in the leucocyte ; it then stops, and the con- 
tour of the parasite is gradually lost until at length only a small 
heap of pigment represents the body which has been devoured. 

This process does not appear to occur in the circulating blood, 
because one never finds, either in a fresh unstained preparation 
or in dry preparations, a leucocyte which has a clearly recognisable 
parasite within it. It is not alone the circulating blood which 
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tinders the process oE phagocytosis, as may be concluded I 
the circumstance that the leucocytes no doubt very frequently 
contain pigment which they have taken up, if no parasites, and 
this must have been absorbed in the circulation. It is indeed, 
however, possible that the slower circulation in the spleen and in 
the marrow renders phagocytosis easier in those places. Another 
circumstance which renders Jiighly improbable phagocytosis of 
the malarial parasites by the circulating white blood-cells is,, that 
the leucocytes in malaria are frequently found to be diminished 
in number. 

Kelsoh [132] pointed out that the number of leucocytes rapidly 
dimiuished during an attack of fever, so that the namerical 
relation of the white and red blood -corpuscles can become 1 in 
2000. When one remembers that the absolute nnmber of the red 
blood-corpuscles has likewise greatly diminished, the absolnt« 
diminution of the white blood -corpuscles appears far greater than 
the above proportiou expresses. Kelsch also found in caxes of 
malarial cachexia a marked diminution of the lencocytee, and only 
in fevers wiih pernicious symptoms has he always foand a con- 
ciderable increase iu the leucocytes as mnch as i in 4S. 

This difference in the relation of the leucocytes in caaes of 
malaria of mild and of pernicions character is inexplicable, and is 
worth further detailed researcb. 

Kelsch was able to prove that the leucocytes which had dis- 
appeared from the blood were stored in the spleen, because 
kfter energetic faradisation and consequent contraction of that 
organ, the number of lencocytes in the blood was raised ; one 
or two boors later, with the fr«sh gradual distension of the spleen 
the former condition of things- obtained.' 

This remark is not intended to serve as au explanation of the 
phenomena in question, but only as a stimulus to further inree- 
tigations. 

G«lgi, who estimates the phagocytosis by means of the white 
blood •corpuscles higher than my experience penoita me to do^ 
belieiree that a rhythm may be foond in the process whidi naa 
pandlel with the type of the fever. In qnartan and totiiB 

* It is powMe ilui tht pbagocjtc ikeotj eonld be i»itiaad ihai tfcat at 
tW tim« i>f th« nulshal attaek A» l—a n cyf «alleet ■■ th» iflcM ; tkeK> 
UMker BKUT Aitwnhk ciiPiMrtaanni tkaa an tammi t» aktaim m tka 
awnttatan Mood, to wpfay tWir pMa«lf fcatroyiajt metintj.tmi that thaw 
■w k ri al taam tttOMt ywwioaa in ^ieb tkk nnllat>MH of tbe Ittwtjta 
^iWfiltiBi Jw»0K>wwr<frwwh«tTgMOBi<«tfrBil — taoCTX* ~ 
fai vUeh tW Uood is thtnSon wm utporcnabed s< Ifcoryfa^ bok mi" 
ritfcw ia tktm thaa it m ia oabw cum. " 
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fevers he finds that the phagocytosis commences with the attack 
and lasts three or foar hours longer than it does. Later on, the 
parasites taken up by the leucocytes are digested^ and it is 
possible to estimate approximately the time which has passed 
since the attack by the amount of change which the parasites in 
the leucocytes show. 

It must be remarked, however^ that Golgi himself allows that he 
has rarely seen leucocytes containiug parasites in fresh blood. 

In many hundred stained preparations I have never seen such 
an instance, but only beeu able to find pigment ; neither have I 
succeeded in ascertaining more from the melaniferous leucocytes 
than that an attack of fever has occurred ; it appears to me that 
the data are insufficient on which to base an opinion of the time of 
the occurrence of the attack. 

I can thoroughly confirm the statement that the melaniferous 
leucocytes are to be found in the blood both at the time of the 
attack and for twelve to twenty-four hours thereafter (and even 
longer), and I believe that these leucocytes containing pigment 
only appear during and after the' attack, because it is only at 
that time that the pigment is free in the blood, which it is their 
function to take up, and therefore that the absolution of pigment 
from the blood is not a ** cyclical function ** aui generis of the 
leucocytes, but to he considered simply as a consequence of the 
circumstance mentioned. 

In blood aspirated from the spleen duriug an attack of fever, 
Golgi also frequently found many large extremely pigmented 
cells (macrophages) ; unfortunately it is not said whether living 
parasites or indeed recognisable parasitic bodies were to be seen 
enclosed. 

Marchiafava and Bignami [lOo] likewise found in the fevers 
caused by the malignant tertian parasite that the melaniferous 
leucocytes were to be seen in the greatest numbers chiefly at 
the time of the attack and shortly afterwards. In multiple 
infection with continued or remittent fever they found these 
cells, in the same number, at all times, for reasons which may be 
easily understood. 

These authors appear to put the phagocytosis of the leucocytes 
in the blood down to a mere cleansing of the blood from the freed 
pigment and the dead bodies of the parasites, whilst, on the other 
hand, they state that the large granulated single nucleated macro- 
phages of the spleen, the marrow, and the endothelium of the 
cerebral vessels (as Metschnikoff, Guamieri [134] and Bignami 
have shown, and which has been already mentioned) as a matter of 
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ar »b8orb whole paiBOties, spore-forming bodies^ even copper- 
■ .:.-?«d bodies or decolorised infested blood-corpnscles. 
Zur nsefnlness of the activity of the macrophages is believed 

- 'r mflnenced, however, by the circumstance mentioned by 
IjraiiD that manr of the gorged macrophages again degenerate 

— — - thpv hflvf dipesred the spores. 
trer methods of resistance may come into play as well as the 

.. ^--rt^ It the hartle against the parasites^ for one frequently 

^ 2: t^vers spontBDecQsIy cured, just as in those which have 

.__, r?^r«c wid oLitiiLr. the large free parasites, which \ce 

.r-ii« /' Tff-nflrwiW iis fierile forms — those, therefore, which 

. «: spow-fc^rmation and yet retain their species, but 

i TTrohablT- *I5».> by phagocytosis or by disintegration. 

ur?" >T^r.'»f rodies are very often met with amongst 

--mc-.tf^ TWT :>emain in the blood after the single febrile 

^ ^^ .- jifts- :hi ^:z.y.xi^ion of the so-called paroxysmal cycle 
. ••r*'-^* V r:TTr-eisrht hours. 

•*.. .ifML'i .,•*!?>■ acts injuriously upon a large part both 

-v'^ rr ;>..' f'rrfectly mature parasites, either by the 

-4smr««*r^ «''*^" the blood or by the pyrogenic sub- 

n, rMir i>»e sporing parasites. 

■.*ts« r.'C-J disintegrated tertian parasites, and less 

^ i-jac-RM TArasites during the febrile paroxysms. These 

^^^^T«i ivoii* >ee Plate III, figs. 23 and 34) may be found 

,-^.- t*^«cc'.*r or free, according to whether the injurious 

• V- r.^i^ :-.o:od upon an immature or a rather more 
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>. •^■■.*vs ehv^w. the disintegration occurs in nume- 

.^ ^,- V ,vv>. -iv.d :hore can be no manner of doubt that 

^, ^•■. > **.* v-.:A/.:y a!2d the power of life and reproduction 

„.~c^ .* Vho er.d^.vorpuscular disintegrated parasite 

t . > .vN,*v. •: ;KVura:ely observed, for amoeboid bodies, 

■ .; . N* :rv;'r. aro found in especially active movement; 

,,. ..• ;.\*-^:\"v.s x'v.o sees that the isolated fragments are 

.V .• s.- :':•,.»: :: oai:::ot be objected that it is a multiple 
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We meet with the sterilitj and the disintegration of the para« 
sites in a considerably increased measure when qninine has been 
administered^ bnt this subject will be dealt with immediately. 

The action of quinine upon the malarial parasites has^ since 
Laveran's discovery^ been studied both by him and by several 
other investigators. 

Laveran investigated the matter thus : From one patient he 
prepared at the same time two specimens of blood ; the one he 
treated with a very weak solution of quinine^ the other served as 
a control^ and was examined under the microscope without any 
addition to it. Laveran found that whilst in the control specimen 
the parasites remained in active movement for a considerable 
time^ in the preparation treated with quinine all the parasites lay 
quiescent and lifeless^ whereby the direct poisonous action of the 
drug upon the parasites was proved. 

Later experiments confirmed this appearance, but they limited 
its importance in so far that they showed that other indifferent 
substances added to the preparation also killed the parasite. 
Thus Marchiafava and Celli [19] found that the parasites ceased 
their movements if a solution of common salt or distilled water 
was added to the preparation. Grassi and Feletti [135] showed 
also that if malarial blood was shaken with distilled water 
for an hour and then injected into a healthy man no infection 
followed, because on account of this procedure the malarial 
parasites had died. 

As the action of quinine could not be studied directly with 
sufficient success, I undertook to investigate the parasites in the 
blood of patients who were being treated with quinine, and to 
give to the structural details of the cinchonised parasites especial 
attention. About the same time, and independently of me, 
Bomanowsky did the same with his method of staining. Baccelli, 
Golgi, Marchiafava, and Bignami have also methodically examined 
fresh blood at short intervals, with reference to the action of 
quinine, and in this way tried to clear up the question. 

The total result of all these investigations consisted in the proof 
that quinine in the organism killed the parasites in the blood. 

This action of quinine upon the malarial parasites is analogous 
to its action upon Infusoria, as shown by Binz [79] in 1867, and 
later on further studied by him and his pupils, and we shall see 
that the alterations which the malarial parasites show when 
poisoned with quinine are exceedingly like the changes which Binz 
has described in the poisoned Infusoria. 

If we examine in the first place the quartan and the ordinary 

26 
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tertaon parasitea with reference to their reaction againat qnininei 
we find the following appearances : 

Aa soon as three hoars after the administration of 0*5 to 1*0 
gramme of qninine (S — 15 grains), to oases in which the ammbaid 
form of the tertian parasitee is present, a consideraUe diminatioii 
in the amceboid movement can be demonstrated. Frcmi three to 
six hoars later the namber of the parasites is also oonaiderBbly 
diminished, and of those which remain many are dkintegrated, so 
that thej f orm several little balls lying within the red blood- 
corpascles, which are no longer connected together ; of Hob one 
may be convinced by long-oontinaed observation. 

Aftei^ the administration of qninine the mature forms ci the 
tertian parasite show either a complete standstill of the move- 
ment of the pigment which gives the parasite a clotted, sihining^ 
homogeneous appearance as if coagalated, or a dropsical distension 
of the parasite occnrs with a most active oscillating movement of 
the pigment, or lastly, the parasite breaks np into aevenl 
particles jnst as does the immatnre endoglobnlar variety. 

The last two methods of alteration, namely, the disintegration 
of the parasite and the dropsical distension, we have learnt to 
know as the appearances which also oocnr during the febrile 
attack without the action of quinine; whilst the disint^pration 
may be doubtiess considered as the death of the parasite, the 
distension may be perhaps rather considered as a kind of inter- 
ference with development or rather with reprodaction, therefore 
a sterilising of the parasite.^ 

It mnst farther be borne in mind that a short time after the 
administration of qninine the middle-sized tertian parasites may 
be met with in most active, so to say, writhing movement; a 
somewhat similar appearance may be occasionally observed daring 
febrile attacks ; it appears, therefore, that the parasites sometimes 
are stimulated to increased movement before they coagulate and 
are brought to a standstill in consequence of the quinine. Binz 
has described similar appearances in the Infusoria. 

The spore-formation of the tertian parasite takes places in part 
in a normal manner under the influence of quinine (if the quinine 
is given in two or three 0*5 gramme [8 grains] doses four to six 
hours before the attack), whilst it remains incomplete in others, 
to which we shall refer when describing the details of structure 
of the '' quinine forms." 

> Acoording to Binz, Herbet [136] fomid in 1867 that quinine in a weik 
solution prerented the power of reproduction in Infiisoria ; stronger solutioiis 
caused death. 
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Golgi observed that under the inflnenceof qainine the medium- 
sized quartan parasites show a rather fine granulation^ a metallic 
lustre^ and a tendency to shrivelling ; the large forms are distended^ 
they have an active oscillating movement of the pigment^ and 
sometimes contain vacuoles or abortive spores. 

As one sees^ the complete resemblance between these two 
nearly related forms of parasite also holds good when under the 
influence of quinine. 

The small crescent-forming parasites are not so well studied in 
fresh preparations as in stained ones with reference to their 
behaviour under quinine. 

Baccelli [124] observed that shortly after the administration of 
quinine the amoeboid bodies showed an increased activity^ and 
that twenty-four hours afterwards most of the bodies had often 
disappeared without leaving a trace. I have found in cases of 
true quartan^ mild in character, that even three hours after 
the administration of a dose of quinine, 0*5 gramme (8 grains), 
part of the amoeboid bodies show a nucleolus badly stained or not 
stained at all. If the quinine is continued, it is found in these 
cases after further twelve hours that only isolated parasites 
possess a nucleolus ; the remainder have either a nucleolus which 
will not stain or is already disintegrating, so that in the most 
altered forms only a few shapeless fragments are found (see Plate 
IV, figs. 57— 62). 

A commencing necrosis of the small parasites is indicated by 
the nuclear chromatin remaining unstained; this is followed, 
as it appears, very rapidly by a complete disintegration of the 
bodies, so that after forty-eight hours not a trace of them is to 
be found. 

In liJce manner the action of quinine on the tertian pa/rasites is 
to be explained. I found that a few hours after the administration 
of the first dose of quinine, the greater part of the small and middle^ 
sized varieties did not possess a nucleolus that would take on the 
stain, whilst the clear vesicle which represented the nucleus was to 
be seen as formerly ; the further fate of these necrosed parasites c<wt- 
sists likewise in disintegration (see Plate III, fig. 35). 

I have found, moreover, that many of the spore-forming bodies 
can undergo peculiar changes owing to the administration of 
quinine several hours before an attack (see Plate III, figs. 36 
and 37). 

These spore-forming bodies show, indeed, a segmentation which 
in fresh preparations might possibly appear as complete ; in stained 
preparations, however, the interesting fact is brought out that 
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only a mnaU portion of the segments formed coneiaie of eporee eapdbh 
of Ijfe, for they only show a well-dereloped str ue ture^ whereae ike 
larger part of the segments possess no nucleolus, and therefore 
OMuiot be oonsidered as havix^ the power oflife. 

On the basis of these drawings I think I am justified in eon* 
sidering that segmentation under the infinenoe of quinine takes 
place in a faulty manner^ and in oonsequenoe I named these noQ« 
nucleated segments " stillborn spores.^' It isj however^ possiUe 
(according to an observation of Golgi's to be mentioned imme- 
diatelj) that the spores perished onlj after they had become 
capable of life. There is^ however, reeSlj no difference between 
the two possibilities. 

Bomanowsky [48] has recognised a decided action of quinine 
upon the mature large parasites, for he found them frequent^ 
without a nucleolus and with onlj a diffusely stained nucleus. I 
have previously mentioned that I do not consider the diffuse 
staining of the nucleus and the disappearance of the nndeolns in 
the large forms as a necrosis in every case, but also as a prepara- 
tion for spore-formation. Therefore I consider tiie immature 
forms witiiout a nucleolus as distinctly more characteristic of the 
action of quinine than that described by Bomanowsky . The faulty 
tinting of the nucleoli (his nucleus) in his spore-forming bodM 
Bomanowsky describes in agreement with me. 

From observation of stained preparations we see, therefore, 
that quinine causes a necrosis in malarial parasites of different 
species and different ages, and that in this way, on the one hand 
the specific action of quinine in malaria receives a thorough 
explanation, and on the other hand the pathogenic nature of the 
malarial parasite is supported by the susceptibility to quinine 
which they are proved to possess. 

It must, however, still be mentioned that all the parasites do 
not immediately become necrosed after the administration of the 
first doses of quinine. We know, indeed, that after commencing 
treatment, no matter when the quinine is given, further attacks of 
fever may follow both in the quartan and tertian fevers, especially in 
fevers of the second group. Indeed, notwithstanding the abun- 
dant subcutaneous injection of quinine in pernicious fevers, the 
disease may either result in death, or relapses persistently occur 
for a long time. 

The causes of this faulty action, or even of the absence of action 
of the quinine, may be very various. The method of the admin- 
istration of the drug has of itself an influence upon its action. It 
is known to all physicians who are practically acquainted with 
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malaria that the administration of quinine in the form of 
powder by the month retards the rapidity of its action when 
compared with the administration of the same doses in solu- 
tion. The reason for this is easily seen. Without doubt, in order 
to exert definite action upon the parasites^ the quinine must 
be dissolved in the blood in a definite amount^ and unless 
there is this proportion^ a slighter action only upon some 
especially susceptible parasites will be obtained, or even no 
action may result. The quinine must be present in the organism 
in such a way that the blood contains for some time as strong a 
proportion of quinine as possible. This result is certainly less 
obtained by the administration of the drug in the form of powder 
than when it is given in solution ; the solution is more rapidly 
absorbed than the powder, which is only gradually dissolved in 
the stomach and absorbed in small portions. In this connection 
it must be remembered that the quinine is eliminated by the urine 
very rapidly. The elimination already commences ten minutes 
after the drug has been given, increases considerably six hours 
later, and is almost completed in twelve hours (Thau [ 1 35] ) . Later 
(from forty-eight to sixty hours) only traces of it can be demon- 
strated in the urine. 

Still better than by the administration of solutions of quinine 
by the mouth, the desired results may be obtained by the hypo- 
dermic injection of the drug. The following solution recom- 
mended by Yitali and Galignani [136] maybe most conveniently 
employed. 

Ohininam Muriat lo'o 

Aqn89 Dest 7*5 

Acid. Mar. dilut 2*5 

This solution contains 0*73 gramme of the muriate of quinine 
in the cubic centimetre (nearly iii grains in 16 minims). 

Baccelli [137] has recently introduced the intra-venous injec- 
tion of quinine with much success for the gravest malarial infec- 
tions, in which the greatest possible concentration of the drug 
and the most rapid action is needed. It can be recommended 
for cases of malaria eomatosa, which very frequently terminate 
fatally. 

Baccelli employs the following solution : 

Ohininnm Mar 1*0 

Natnam Ohlorat 0*075 

Aqase Dest 10*0 
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The solation should be boiled ftnd filtered before use; tiie 
injection should be made into a small rein in the arm. It may 
be injected direct through the skdn^ which has been previously 
thoroughly disinfected. 

Apart from the method of administration there may be other 
circumstances which retard the action of quinincj as^ for instance^ 
imperfect action of the mucous membnme of the stomach or 
intestines or of the subcutaneous connective tissue which delays 
absorption, blocking of the cerebral capillaries with infested 
blood-corpuscles, on account of which the parasites cannot come 
in contact with the quinine, and possibly also a heightened poww 
of resistflmoe on the part of some species of the parasite. 

One series of the malarial pa/rasUee is eompUiely uneueeepUble 
to ths action of qidnine, namely that of the ereecentie bodies. All 
observers are at one in stating that these bodies remain unaltered 
even by the most energetic administration of quinine, and that 
the treatment in these cases likewise plays no prophylactic rdle 
is shown by .relapses occurring whether or not quinine has been 
given during the periods of apyrezia. 

This &ct also militates against Bignami's view of latent spores 
which have escaped out of the phagocytes causing relapses. 
Through all the various stages of the development of the 
Tnalarial parasite the spores are the most susceptible to the 
action of quinine. Grolgi [140] has constructed the following 
scale of susceptibility to quinine for the various phases of 
development of the qaartan parasite^ based upon his experience 
of fresh specimens of blood. 

I. Spores. 

II. Mature forms before the commencement of the process of 
segmentation. 

III. Endocorpuscnlar younger forms. 

The spores are the most susceptible bodies ; then follow the 
large bodies which have completely replaced the blood-corpuscles^ 
and finally the endocorpuscnlar younger bodies whose blood - 
corpuscle envelope Golgi considers as a relative protection 
against quinine. Of the tertian parasites Golgi has founds as 
I have, the endocorpuscnlar immature forms very susceptible^ 
and he believes that the quinine can more easily penetrate into 
the hypertrophied more flexible blood-corpuscles. 

In quartan and tertian fevers Golgi has tried to ascertain, by 
observing the appearance of the parasites, at what time the 
administration of quinine is of the greatest use in the smallest 
dose, and he came to the conclusion that the most beneficial time 
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was three to five hours before the attack. The next attack^ 
indeed^ follows with fall severity, but the following attacks do 
not occar, often indeed without the further administration of 
quinine. Golgi has observed that parasites preparing for seg- 
mentation were not influenced by quinine, but that they 
completed that process notwithstanding the drug ; on the other 
hand, he found that the young spores were exceedingly suscep- 
tible to quinine. 

Now, if at the time mentioned (three to five hours before the 
attack) I gramme (15 grains) of quinine is administered, then 
the blood at the time of the attack will contain so much dissolved 
quinine that the spores just formed, the whole young brood so to 
say^ are killed in statu naacendi and thereby the attack which 
should follow is rendered impossible. 

It has been long known and has been recently confirmed by 
Grolgi that when quinine is administered aboat six or eight hours 
before an attack it will be postponed and weakened ; in this way 
a postponing type can be artificially produced. In multiple 
infections with quartan parasites Grolgi succeeded sometimes in 
killing one generation after another, and thereby changing a 
triple quartan (quotidian) first into a double and finally into a 
single quartan. This experiment can be performed if a small 
dose of quinine, about 0*4 gramme (6 grains), is given two hours 
before the attack ; with this small dose one succeeds in killing a 
large part of, or under certain circumstances all^ the spores 
newly formed during the attack^ so that one generation is removed. 
The large forms of another generation which may be present are 
not at all or only slightly injured by the small dose of quinine ; 
they remain uninfluenced and produce the corresponding fever 
type. This experiment does not invariably succeed^ because the 
differences in susceptibility of the various stages of the parasite 
are by no means very great^ so that small doses may cause 
damage to all the generations and thereby prevent the gradual 
production of the attacks. By the administration of quinine, not 
at the favorable period of the spore-formation, but at an 
haphazard period, the type of fever is often delayed. The par- 
oxysms which formerly occurred at regular intervals can be either 
separated further from one another or drawn nearer together, 
according to whether the therapeutic measures have curbed one or 
other generation of parasites in its development or left it intact. 

Similar observations to those which Golgi has made with 
regard to tertian and quartan fevers have been made by Marchia- 
fava and Bignami [100] with malignant tertian fever. They 
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0*5 to I'D gramme (8 to 15 grains) doses^ given at intervals of 
fonr to six hours; smaller doses also^ as I'o gramme (15 
grains) in three doses^ taken in the morning, mid-day, and even- 
ing, give good results in these fevers when they are not too 
severe. 

Marchiafava and Bignami report that in the Roman hospitals, in 
summer fevers of ordinary severity, they give at first 2 grammes 
of sulphate or muriate of quinine (30 grains) in two doses at 
an interval of from two to four hours, and then give 0*5 to 1*5 
gramme (8 to 24 grains) doses every twelve hours. In the severer 
forms of this fever a subcutaneous injection of i to 2 grammes 
(15 to 30 grains) is given at first; in fever with pernicious sym- 
ptoms one of from 2 to 3 grammes (30 to 45 grains), at the begin- 
ning every four to six hours, later i gramme (15 grains). These 
fevers are, as has already been mentioned, most successfully met 
with the intra-venous injections of Baccelli. 

Besides the therapeutical, the prophylactic use of quinine must 
also be mentioned ; this is employed with success in many 
malarial districts, and consists in the following treatment : that 
people should take daily a fairly large dose of from 0*3 to 0*4 
gramme (5 to 6 grains), generally in brandy. In Pola this 
prophylactic treatment by quinine was introduced some years 
ago among the soldiers who were posted at very bad malarial 
spots (such as the Brionic Islands, certain marine fortresses, &c.)^ 
and I have heard from the naval surgeons that it has done very 
good service. Similar results are reported from the English and 
French navies. 

The destructive action of quinine upon the lower animals 
appears, according to Binz [141], to be connected with the power 
of this alkaloid to arrest oxidation. It has also been ascertained 
by Bonwetsch, Binz, and Bossbach that quinine causes a more 
stable combination between the haemoglobin and the oxygen, the 
latter being therefore less readily given off ; quinine also weakens 
considerably the ozone reaction of the blood, whether the quinine 
be incorporated in the living animals or mixed with the blood. 

Binz is therefore justified in giving expression to the opinion 
that the Infusoria are destroyed by asphyxia, the quinine robbing 
the protoplasm of the ability to take up oxygen. 

It was mentioned above that the malarial parasites present 
appearances under treatment by quinine very similar to those 
which Binz observed in the Infusoria. In support of this state- 
ment his work [142] in i86g may be referred to, where, amongst 
other things, it is remarked that if there is a small concentration 
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of the solution of quinine, an irritation o£ the larger Infusoria is 
proved by the action of the quinine; we have above described 
the same thing as occurring in the malaria! parasites. In a 
further publication Binz [14J] writes : " One often sees how ther 
{the Infusoria) are almost immediately disintegrated by quinine, 
or they burst, their distended nucleus springs forth, and within a 
few minutes every trace o£ the cellular form and the organism 
vanishes. It ia an act of destructive force which the quinine 
exercises upon the structure of many living albuminous bodies 
when present in not too weak a solution," Binz saw sweet-water 
amoebse rolling themselves together as if tetanised in a solution 
of t in 50,000 of neutral muriate of quinine. 

On account of his observations Binz, in 1868, drew the follow- 
ing conclusion with regard to malaria, which at that time was 
generally considered to be a neurosis. " It is now undeniable 
that malarial diseases, many typhus fevers, the pysemia of the 
surgeons and, as Semelweiss's investigations clearly show, the 
puerperal fever, are processes of fermentation, which are caused 
by the absorption of septic matter into the blood. These matters 
are of varying nature, as is their influence upon metamorphosis. 
In one important point, however, they agree with one another, in 
causing illness with a high temperature and rapidly penetrating 
disintegration of the connective-tissue substance. In some of 
them the ferment is reproduced and becomes easily infectious ; in 
others this is still doubtful. That this ferment is a very low 
form of organism, as in other fermentative and putrefying pro- 
cesses, requires a final jodgment." 

As we know to-day, the "final judgment" has, in the case of 
malaria, proved Binz to be thoroughly right. 

It still remains to mention a point or rwo concerning the action 
of quimne upon the leucocytes. 

It is known that Binz [143] found that the colourless blood- 
corpuscles became immediately granulated and died under the 
influence of a solution of quinine of i in 2000 ; ' further, that 
the number of the leucocytes in the circulation was dimin- 
ished to one quarter by the administration of large doses of 
quinine. 

It may not he too great an assumption to imagine that tlie 
phagocytes in the internal organs have their functions rather weak- 
ened than stimulated by quinine, and that we cannot therefore refer 
the care of malaria by quinine to a stimulation of the phagocytic 

' Engelmaim found that er^en a solution of I in 10,000 alowed the amoeboid 
movement of the leucocjtes. 
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action of the cells^ but entirely ascribe it to the specific destruc- 
tion of the parasites within the circulating blood.^ 

It is finally interesting once more to call attention to the fact 
that the hsemoparasites of birds are not influenced by quinine ; 
possibly this results from the difference of the soil^ for we must 
remember that^ according to Binz^ the sweet-waier amoebse but 
not the «aZ^-water amoebse are killed by quinine ; also that the 
Euglenea show themselves refractory to the alkaloid. 

^ It may be mentioned that Golgi also obsenred after the administration of 
quinine a later and weaker phagocytic action in the circulating blood. 



CHAPTER X. 

CULTIVATION EXPEBIMEITrS— 00NJE0TUBB8 AS TO THB SXI8TBNC1 
OF PABASITES EXTEEKAL TO THB 0B6ANI8X — ^MODB 0? 
TNPBOTION OP MALABIA — INOUBAllON. 

It has already been repeatedly indicated that all attempts al 
cultivating the malarial parasites^ though so numerous and yariedi 
have failed to yield any but negative results. Besides the 
employment for this purpose of the soils generally used in 
bacteriology, other materials have been used which would be a 
priori supposed to offer to the malarial parasites the most 
favorable conditions for development ; it was believed that soik 
containing haamoglobin would suit the parasites, but success did 
not follow this attempt, and the experiments made with blood 
obtained by venesection and sealed up in tubes were just as Ut^ 
fruitful. 

The only thing gained by these experiments was the retention 
(alive) of some parasites — especially the large bodies of the 
quartan and tertian parasites — for two or three days. I was able 
in my warm damp oxygen chamber to keep apparently alive for 
two or three days the unaltered forms of the varieties above 
mentioned as well as of the crescentic bodies. 

Once an immature spore-forming body of the tertian parasite 
arrived at maturity ; the spores separated from one another and 
assumed those appearances which we are accustomed to see in the 
immature parasites twelve hours after rupture of the spore- 
forming body, but I found them all to be dead. 

Just as little success attended the attempts to plant the 
malarial parasites in a cavity of another animal or to retain them 
capable of reproduction. 

Bosenbach [144] saw living tertian parasites after an interval 
of forty-eight hours in leeches which he had applied to a patient 
— at least they showed pigment movement ; the same result was 
obtained by Sacharoff when he placed leeches replete with blood 
upon ice. 

I repeatedly fed flies with malarial blood, rich in spore-forming 
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bodies or in crescents ; the bodies in this case only remained alive 
for a short time, but did not increase in number. 

After all these unsuccessful attempts, it appears to be more 
and more probable that the malarial parasites do not exist in the 
external world as saprophytes, but must live as parasites either in 
animal or vegetable organisms. 

Layeran's supposition that possibly the gnats are the hosts of 
the parasites is disproved by Grass! and Calandmccio [loo] on 
account of the negative experiments in feeding which were made 
by Calandmccio. These investigators have occupied themselves 
with a thorough investigation of the question as to the existence 
of the malarial parasite in the external world, and they believe 
that they are justified in drawing the conclusion from their 
investigations that certain species of amoebsB — especially the 
Amoeba guttula (or gracilis) — ^may be regarded as their extra- 
parasitic form. 

Grassi and Calandmccio start with the assumption that the 
malarial parasites are to be sought amongst those Bhizopoda which 
are found in all malarial districts. Therefore they investigated 
marsh water, moist soil, rice fields, macerated hemp and linen, in 
a word all possible malarial seats, for Bhizopoda, and found in all 
of them species of the genus Amoeba and of those genera nearly 
related to them — the Hyalodiscus {Dactylospharium) — present 
in great numbers. They imagined that the infection of men 
and animals occurred by the encysted amoebaa being inhaled in 
consequence of their imponderability and presence in the air 
cnrrents. They were also able, although very rarely, to prove 
the presence of amoeboid cysts in dew ; further they discovered 
them in the nasal secretion of pigeons which they had exposed 
for several nights to the evaporation from marshes or from 
malarial earth. 

They explain the impossibility of cultivating the parasites 
taken from the blood of men or animals back to the amoebaa of 
the external world by stating that the parasites of the animal 
organism have been, so to say, '' spoilt,^' so that they lose their 
capacity to again return to an independent mode of life. 

The most weighty objection which can be raised against Grassi 
and Calandrnccio's hypothesis is this, that the amcebas mentioned 
by them are more widely distributed in the world than malaria 
itself. The weight of this objection is recognised by both authors 
themselves, and they reply to it that it is the greater number of 
the amoebaa which causes the malarious regions to be such plague 
spots. 
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It is impofisible at present to fully estimate this proposed hypo* 
thesiflj and it is important in the first place to wait for the detailed 
publication of the results obtained by the Sicilian investigatorB 
before passing a judgment on the correctness of their ai^gnmeni 
With all reserve^ and without in the least drawing the slightesfc 
conclusion from it^ I may mention that I once had the opportmufy 
during a cultivation experiment (with tertian parasites) in the moist 
oxygen chamber to find in the preparation^ twelve hoars after the 
commencement of the experiment^ two cysts which appeued to 
completely resemble the cysts of the Monas guitidayJSbxmbetf^. 

That the malarial germs may be inhaled with the air there can 
be no possible doubt after innumerable experiences, although there 
are observations reported from time to time which point to the 
fact that it is also possible to acquire malaria through the intes- 
tinal tract, especially by means of drinking water.^ 

These observations are, however, very few as against the 
general experience as to the dangerous nature of the air in 
malarious districts; indeed, it appears that a number of these 
communications are not completely free from objection with refer* 
ence to the correctness of the diagnosis of the cases of disease in 
question. In the well-known case of the ship "jLtgo^** which 
was reported by Boudin and which has been quoted repeatedly 
since then, the circumstances are also, as Colin pointed out, not 
irrefutable, and it is by no means certain that those of the 
crew who are said to have suffered from malaria at sea, owing 
to the use of bad drinking-water, really suffered from malaria^ 
and not rather from some typhoid condition, as Colin finds reason 
to suppose.* 

In my opinion the same objection can be raised also against 
Senise [146], who three years ago reported on the outbreak of a 
malarial epidemic in Basilicata, where^ in consequence of damage 
to the aqueduct, the population used impure drinking water. The 
cases of illness appear to have chiefly presented appearances of 
gastro-enteritis and liver complaints. Unfortunately, Senise 
neglected the investigation of the blood, and from what we know 
now the diagnosis of malaria must be doubted. 

That, on the other hand, drinking of even very bad swamp 
water need not produce malaria has been repeatedly proved, as 
indeed by Marchiafava and Colli [19] several years ago, 

1 Biiclmer's [145] observation may be given as a cariosity, namely, that an 
ague could be g^ven by a malarial patient to a healthy person with whom he 
slept in the same bed. 

^ Colin, quoted by Eelsch and Kiener [98, page 843]. 
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who permitted aix persons to drink water from tlie Pontine 
mftrshes for eight to sixteen days without seeing one of them 
attacked by malaria. Two years ago Salomone Marino [147] made 
similar experiments, also with negative results. 

That the malarial parasites, or the blood -corpuscle a infested by 
them, can pass through the placenta is proved by the cases in 
which the fcetus has been infected by the suffering mother, as 
shown by the reports of Dinstl, Schramm, Duchek, and Playfair; 
the nnrse also has been observed to infect the suckling (Schramm, 
Baxa, and Luc), and the reverse condition hag likewise been main- 
tained (Sons [145]). 

It may be mentioned here that Dochmann [148] succeeded in 
inoculating a healthy man with the contents of an herpetic vesicle 
of a patient suffering from quartan fever, and produced a fever 
after a few hours' incubation which was of the quartan type ; in 
the same way he inoculated three men with quotidian fever, 
once with a positive, twice with a doubtful or negative result. 

Nothing is up to the present known as to the contents of an 
herpetic vesicle containing parasites, but after Dochmann'a experi- 
ments it is highly probable that the parasites must have been 
in the serum of the vesicle. 

II have repeatedly investigated sweat without result. 
It does not lie within the scope of this hook to consider the 
telluric and atmospheric conditions which cause and aid in the 
production of malaria, but it may be pointed out at this place 
that the rules which have been gained by a study of those condi- 
tions, and have been thoroughly appreciated by numerous authors, 
in no way militate against the supposition of a living malarial 
virus. The most important conditions under which malaria breaks 
out are, as is well known, slight porosity of the soil, moderate 
moisture and Karmth, and indeed most authorities on malaria state 
that a rainy spring and a warm but not too hot summer following, 
which does not completely dry the soil, results in the appear- 
ance of far more numerous and severe cases of malaria than when 
the opposite conditions obtain. Iq our climate the most severe 
malarial season is August and September; in tropical countries, 
as for instance in Algiers and Tunis, September and October (see 
Kelsch and Kiener, loc. cit., p. 816). 

It must, indeed, be admitted that those circumstances which 
have been named as favouring malaria completely agree with the 
conditions which present the best opportunity for growth to alow 
organism having either a parasitic or saprophytic character. 

Finally, concerning the incubation of malaria, we know that 
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it can be very Tarioos. The duration of incnbation appears to 
be most freqneoUy eight to fourteen days^ as is shown not 
only by nnmeroiu obterrations in spontaneous illness^ but^ as we 
IiATe seen, in expenmentally produced cases of malaria. 

the incubation occupies a shorter period, bat 
or two days' or even only a few hours* incubation 




may probably be explained by the quantity of 
inluded or injected. 
St the experimentally produced malaria^ we mast 
a relatively very small quantity of parasites are 
0-3 to I'o cm. of blood, and of these it is highly 
the greater part perish, especially in subcutaneoas 
therefore not capable of producing fever im- 
it is only after eight to fourteen days that they 
sufficiently to produce a requisite number of para- 
sses io cmnse a paroxysm of fever. If the whole mass of the 
bIoG«i of a malarial patient were at one time carried into a healthy 
lie would probably show immediately fully developed 
of fever ; similarly I believe I may take for granted 
lAaat the aone thing takes place also in spontaneous malarial ill- 
mess I the amount of the parasites taken up may determine the 
pcrvsd of incubation. This, however, does not exclude the 
pQissSKtilT of individual predisposition, according to which the 
smlTTrplication of the parasite is favoured or retarded. 

Tlie cases of sudden illness after a visit to malarial resrions make 
ii acrear very improbable that the parasites are taken up in a 
form which requires a longer interval (about fourteen days) for 
metaaicrphosis in order to exert the pathogenic action — in order, 
^ervfcr^, to become the malarial parasites of man. 

Tie not infrequent cases of malaria having an incubation of 
sev^raJ months are still completely inexplicable in the present 
state ct our knowledge : they may be placed by the side of rabies, 
ia w*::ch also there may be a long period of incubation ; indeed 
tiere is an extreme similarity between the differences in the 
ciiir*:ion of the incubation of these two diseases. 



PLATE I. 

A. A componU mioro§eopiefiMfiram a eaae of timple Urtum agm§ ol ft#ltae 

qf (he ottodk. 



In the upper part of the field two spore-finmixig bodies ; one of Hw 
at the lower ngnt-hand comer. The remainder intra-corpnacnlar mgmeiited 
paraaiteB in an advanoed stage of derelopment. Most of tiie in&sted oor- 
pasdes are hypertrophied and disoolonred. In the left-hand oomer an 
eoeinephile ; below, a polynndear lenooojte. 

B. A eampomie mioroicopie field firam a double ierHtm ague ai As OMsf qf Ae 



Besides two spore-forming bodies, several parasites in an adTanoed stage 
of development are to be seen ; finrther sevefal parfciaUj devdk^ped pansitss 
(i, e. the second generation which would cause the attack of the next day) ; 
lastly, there are also seen two immature parasites of circillar form ; these 
origmate from spores which have just become free and have alreadv found 
hosts ; they would attain maturity in for^-eight hours. The infested blood- 
corpuscles are hypertrophied and pale. To the right a leucocyte. 

Stained with methylene blue and eosine. 

X looo; Zeiss's apochromatic lens, 3 mm. focus ; aperture 1*40; compensa- 
tion eye-piece 12. 



PI-ATE IL 

A. The protat of derrlopmtmi of Ou ftfortim pvttnb. (7ig»- t — S after GolgL) 
Figs. 

I. Unpigmented paraaiU, alij^t] J unoeboid. 

3- PiKinaited paraMtc 

3. Fiulj derdoped p&raaite. 

4. Fr^arstoiT lU^ to ■pore-fomuUion. 

£. GooMBtntM pigment; radiating BtriatJoii u ilie comiaeiioeiBCBt of 

spor«-lonution. 
6 — 8. The spores developed, eocb with, a nnble nacleoltu. 
9. Spore-forming bodj, in witiefa tlie spores in nvo lure exhibited no 

nacleulns. 
le. Fui-sbaped apore'fornurticHi, after ObbbUs. 

B. Tke proextM cf i rvA ofmtmi of Ou tertian paratUe. 
■ I. nnpigmen ted am ceboid corpuscle. 
13 — 14. FanDteirith a margiiuil pigmeat granule ifaowing accnaj anHsbrnd 

moremenl. 
1$ — 18. Grado*! progreaaiTe derelopment, amiEboid movement being less 

bat atiil present. 

19. Bodj qoiescent before forming spores. 

20, >i. Ordinary spore-fonning bodies. 

31, 23. Abnormal spore-forming bodies, with few spores and a risible nacleoltu. 

14. Large free body, terj grannlar, with Tacaolated nncleoa and aacleolas. 

35. Large pigmented parasite. 

16. Escape of the same from the blood-corpuscle. 

37. Free parasitic debris. 

a 8. Large free parasite. 

39. Pls^llated parasite. 

C. The proeeit 0/ dcnelopmmt of the pigmented quotidian paratHe. 
30—35. 

D. The procen of deveUpmeni of the unpigmenled quotidian partuUe. 
36 — ^9. Parasites with amccboid movement. 

40. Bodr qaiescent, containing a fragment of luemoglobin. 

41. 42. Paraaitea eittiated at the periphery (of blood-corpoacles). The spore- 

formatioD of this parasite is depicted on Plate IT, Gg. 68. 
E. The proeeii of developjoent oj the mali^iunti tertian parante. 

43. Immature amoeboid unpigmented body. 

44. Peripherally sitnated parasite, already containing pigment. 

45 — 47. Traosformation of quiescent body (ringlet) into the amteboid condi- 
tion, and vice vertd. 

48. Spore -formation in a very much sbriveUed blood-corpuscle. 

F. Forms common to the lait three varietiei. 

49. Copper-coloured corpuscle (^lob. rosri ollonaii). 

50. A sphere of the crescent aeries with doable contour. 

51. gz. Fusiform body of the crescent aeries ; the donble contoor disappeared 

suddenly under the microscope. 
53 — 55' Coalescence of two amall amtsboid bodies observed nsder the mioro- 

56. Byzygy. 

57 — 61. Transformation of a crescent into a spherical body, whereby the 

residae of the blood- cortmaole has re -absorbed the btemoglobin 

colour. During the transformation the original double contoor waa 

lost. 
6i—66. The escape and separation of a spherical body of the crescent series 

oat of the capaole of a blood-carpnscle, with subsequent formation of 

flagella. 

G. Vacuole! changing their »hape. 

punctiform vacuolisation of a 'blood-corpuscle. 

o ; Zeiss's apoobromatio lens, 3 mm. focus ; aperture i '40 ; compensa- 
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A. Illuslraliims of Ike foriTtf of the teiiiaa parasite. 

1. Free spore, cunsiating of prutoplzwuiic capsule and nucleolus. 

2. Free spore. consiEting of protoplaBm, nucleus, and nncleolas. 

3. Unpigmeuled immntar^ form. 

4. Pigmented form partially deviiloped ; a vacuole and a nucleolus. 
5 — 7. Partiallj developed forms. 

8 — 18. The nucleolus gradually disappears (througb coalescence witb tbe 
protoplasm) I somelimes (8, 15. 10) symmetrically arranged points are 
to be seen iu it. 

19. CLi-omatin band in nncleua, the nncleolns having entirely disappeai'cd. 

zo. The nucteuB begins to gain chromatin. 

>i. The nucleus containing chromatin. 

33. Separation into nuclear purt and protoplasmic part. 
23. Preparing to form spores. 

34. Spore- formation ; each spore shows protoplasm, nuclens, and nucleolns. 

35. Spore- formation, with development of tbe nucleoli before the nuclei. 
26. Aonormal spore-formation with very few spores. 

jy —30. Various free spores, sometimes two united. 

31. Irregularly shaped medium -sized parasite. 

32. Eioessive vacuolisation. 



B. Fever and quin 
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33. Disintegration of parasite within blood-corpuscle in febrile paroxysm. 

34. Disintegrated febrile form. 

35. Coagulated and disintegrated cjuinine form. 

36. 37. Spore-forming bodies under the influence of qainine. Only a smftU 

number of the spores are normally formed ; most are " stillborn." 

C. Golgi't icheiite of the tport-formaiion of the tertian poramte. 

D. Golgi's scheme of the tpore-formalutn of the quartan paraaile. 
Figs. 1—15, 27—30, 35—37, fiJted with picric acid and stained with hiema- 

^gs. aS, 31—34, stained with Sahli'a borax -methylene -blue (after Hala- 
chowsky). 

X 1000; Zeiss's apochromatic lene, 3 mm. focus; aperture 1*40; compensa- 
tion eye-piece u. 
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PLATE IV. 



1 details ot the malignant t«rtiaii parasite. Frctn fig, 5 

■ tfa«iiacleolnB is missing j from &g. S onwards the nucleus also. 

tig. ta. eompleted spore-formation. 

1^ M. Saill ec^tper-coloured bodies <tfae blood-coTpnaclea are decolorised in 

MMMMBCe of treatment with acetic acid). The small parasite with 

BMMMa is clearly seen. 

Stj. te«II parasites with two nucleoli. 
Sm*! CMmo'-colDured body. 
it— U. ShuI amopboid parasites in different stages of development. 
aA. SmH amceboid parasite with vacuole, 
a^ llMfcnii^ |)arasite lying at the pei-ipherj. 
X4 it Maltiple invasion by small amoeboid parasites. 
y^— jl& j». Sftjgy composed of two parasites. In fig. 3a several pigment 

pmnoks are already visible. 
3«. ^ptrgy composed of four parasites. 
j3^ j^ Two ereacents decolorised by treating with ammonia. A tranaverse 

bndg« is seen in which lie two slightly stained points, and which 

^Tid«s the crescent into two psrta. 

L CreBOents and oval bodies in varions stages of development. 



a of tte pigment, t 



JS — jS> 46—48. Distinct div 

Ktrm of an 8. 
^j, ^i . Very slightly pigmented creacents. 
^ T , y). Aaym metrical distribution of pigment. 
j[f, W^ Stained granules in the subettmce of cell wall. 
47. "Fragment of hiemoglobin in crescent. 
44. jT. Crenated remains of blood-corpuscle. 
^1. l>iviaion of pigment, side nicked. 
^ TransTefae segmentation of crescent ; tbc protoplas 

throQgbout. 
^ Half of oreaeent. 
14. Tnini-ated crescent. 
jj, j6. Phenomena oE degeneration in a crescent consisting of circles which 

alter their shape. 
•^ 64. A spherical body of the creacentic series with a double contour and 

remains of blood- corpuscle (altering the focus causes the two appear- 

tuiues depicted). 

r.6i. Action of quinine upon email amieboid bodies. 
Transverse section of a small vessel in the brain from a case of malaria 

eanuilosa. The blood -corpuscles at the periphetr are invaded by iin- 

uigmented paraaites. (Stained with hiematoijlin, a preparation of 

Kif. Golgi's.) 
06. Brain oiipillary from a case of malaria eomaioea, filled with spore-forming 

bodies of the unpigmented parasitea. (Preparation of Prof. Golgi's.) 
A) Hrnin uanillary and escaped blood-corpusclea ; each blood -corpascle is 

liivHdea by small pigmented parasites. (Stained methylene blue, a 

]iri<pHi'iition of Prof. Golgi's.) 
ti KiM'ttcd rr'd corpuscle. 
pill. UulniiifuroUB leucocyte. 
M, UKiixl-plitti's. 
IHm. I -ra, 17.43— 45.5"— 53. 57— fiJ.st-ained with boras methylene blue; 

Afp. 16. 46—49. after Eomanowsky'a method ; the remainder, with the 

vsovptlon of ngs. 65, 66, and 67, with picric acid and hrematoiylin. 

II npochromatic lena, 3 mm. focus; apeitui-e 1"40; compen- 
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